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Upon completion of analytical experiments, every research chemist, 
whether he uses a “test tube” or a “IIPOOMPK&,” must calculate his 
findings in the international language of figures in two forms (weights 
and equivalents), and often three (weights, equivalents and percent- 
equivalents), and then compare experimental data with theoretical 
values. 

Technicians and statisticians working with the results of hydro- 
chemical analyses performed at different times by different laboratories 
inevitably face the problem of converting their figures to one system. 

All such calculations are considerably simplified by the use of the 
tables and nomograms in this book, originally published by the State 
Scientific and Technical Press for Literature on Geology and the 
Conservation of Mineral Resources, Moscow. 

All the tables and nomograms are based on analytical results 
expressed in the form widely used in hydrogeological practice—milli- 
grams per liter (weight form) and milligram-equivalents per liter 
(equivalent form). For calculation of percent-equivalents, the sum of 
cation equivalents and the sum of anion equivalents are taken as 100% 
each. Several new tables are presented for the first time, and the many 
tables for converting water-analysis results from one form to another 
make it possible to find the milligram-equivalents for any practically 
possible content of a component in water, accurate to the second 
decimal place, and the weight content of substances to tenths of a 
milligram. 
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PHYSIOLOGY 


LOCAL RESPONSE OF THE HUMAN ELECTROENCEPHALOGRAM 
TO LIGHT 


L. M. Puchinskaya 
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Translated from Byulleten’ fksperimental'noi Biologii i Meditsiny, Vol. 50, 
No. 11, pp. 3-8, November,1960 

Original article submitted September 23, 1959 


In the human electroencephalogram (EEG), afferent stimulation causes either a depression or an increase 
in the original activity. In addition to the general changes, there are also local responses to stimulation, which 
are referred to as evoked responses, It has frequently been shown [4, 6, 8, 12] that, in man, local responses to 
light, sound, and proprioceptive stimulation may be recorded through the skull from the corresponding projection 
areas, They evidently correspond to the “primary” responses found in animals, though they do not appear to be 
the same, on account of the method by which they are recorded, For this reason it is better to refer to them as 
the “local specific response,” 


The responses are not easily recorded through the skull because their voltage is small compared with the 
spontaneous EEG potentials, In order to obtain a specific response to light in the human EEG, most authors have 
disposed the electrodes sagittally and parasagitally over the occipital protuberance, using bipolar vertical leads 
(6, 12}. 


It has frequently been shown [1, 3, 7, 9] that application of stimuli to different sensory modalities in 
addition to producing the specific response causes also a response which is best shown in the vertex region and 
which may take the form of either a rapid oscillation, a slow wave, or a series of oscillations (vertex complex). 
Many authors have associated this nonspecific local response with the activity of the thalamic reticular forma- 
tion, Both the amplitude and the latent period of the nonspecific response are greater than those of the specific 
response, 


The present investigation represents an attempt to determine the conditions under which a well-marked 
specific response to light may occur in the human EEG, as recorded on an ink-writing electroencephalogram, 


A comparison was made of the specific and the nonspecific responses to light, because in many cases when 
extraneous stimuli have been used the nonspecific effect has been much better shown and more widely distributed 
than the specific. 


METHOD 


The observations were carried out on 21 healthy human subjects between 18 and 36 years old and on three 
older individuals; in all, 35 records were made. In many cases, other studies were made of patients with local 
brain damage, the EEG being recorded on an ink-writing electroencephalogram, Electrodes made by the firm 
Alvar were used. Light flashes were supplied by a Kaiser photostimulator, or by a Soviet FFS-1 instrument. 

The subjects were seated and their eyes were open; the stimulus lamp was placed level with the eyes at 50-70cm 
distance, 
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Fig. 1. Arrangement for obtaining the nonspecific response to light in the 
human electroencephalogram. a) Diagram of the leads, Disposition of 
the electrodes; sagittal electrodes; 1) over the occipital protuberance; 

2) over the vertex; 3, 4) occipital leads; 5, 6) posterior parental electrodes; 
7, 8) posterior frontal electrodes, b) A specific response to a single flash of 
light; c) well-shown specific effect to light in different leads from the 
occipital region; d) distribution of the specific and nonspecific responses 
to light according to areas, 


The position of the electrodes is shown in Figs. 1, 2, and 3. 


For the specific response to light leads I-II, III-IV, and V-VI were used, and for the nonspecific response 
leads VII-VIII and IX-X. In many of the investigations, there were very small deviations from the disposition of 
the electrodes illustrated. 


RESULTS 


The response to a single flash of light takes the form of rapid oscillation followed by alpha-like waves 
(Fig. 1b). It is best shown in the leads I-II, III-IV (Fig. 1c). As can be seen from the curves of the vertex leads 
V-VI, it is absent or less well developed in the first two leads, However, it is just this arrangement of leads which 
is most often used by other investigators. Sometimes the specific response to light spreads to the bordering anterior 
areas, but it was always best shown in the sagittal lead I, and the effect is evidently due to the disposition of the 
visual fields on the medial surface of the hemispheres. 


When there is also a nonspecific response to light its distribution according to areas is clearly seen (Fig. 1d). 
In the curve given, the specific response to light takes the form of a rapid oscillation, while the nonspecific effect 
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Fig. 2. Specific and nonspecific responses in the human electroencephalogram, 
a) Extinction of the nonspecific response to light by rhythmical stimulation, 
with preservation of the specific effect; b) increase of the specific response to 
light during stimulation; c) increase in the specific response to light during 
clenching fist in a patient with a tumor of the frontal bone, 


is represented by a slow biphasic wave, In leads I-IV a specific effect is shown, and in leads V-VI there is also 
a specific effect followed by a nonspecific response, In leads VII-VIII, there is a nonspecific response only, 


The specific and nonspecific responses differ not only in the latent period, shape, and in the region from 
which they are recorded, but they differ also when rhythmic stimuli are applied. It can be seen from the curves 
of Fig. 2a that at a flicker frequency of 1 per second, the nonspecific component disappears after 6 seconds, At 
a higher frequency the nonspecific effect develops only in response to the first flash, However, the specific 
effect to rhythmic light stimulation does not die out. Further, as the stimulation is continued, the specific re- 
sponse to light increases in amplitude and becomes more regular (Fig. 2b). 


An increase in the not very clearly shown response to light can also be observed when other afferent 
stimuli are produced by sound, or bytightly squeezing the fist. In some cases of local cerebral damage, this 
increase was very marked, For instance, Fig. 2c shows the EEG of a patient with a tumor of the frontal bone 
which extended intracranially and compressed the frontal lobe. When rhythmic light stimuli were applied, there 
was a specific response to light in leads I-II, which followed the stimulus rhythm. In leads III-IV the Rolandic 
rhythm was recorded, and it did not change when light stimuli were applied. When the patient closed his fist 
more tightly, the Rolandic rhythm was depressed, and there was an increase in the light response in leads I-Il, 
When the fingers of the fist were relaxed, the Rolandic rhythm gradually recovered, and at the same time the 
response to light became less marked. 


In many cases, when the specific response to light was well shown, it became reduced when the afferent 
stimulation was continued. 


A factor which increases the specific response to light is a general illumination during. the investigation. 
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Fig. 3. The specific response to light in darkness and 
in general illumination in the same subject. Key: a1) 
in the dark,c1) with a light background. 
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Figure 3 shows EEGs recorded from the same subject 

in the dark, and in general illumination. The response 
to rhythmic light stimulation at a frequency of 1-2 per 
second in darkness is poorly shown both at the beginning 
(Fig. 3a) and at the end (Fig. 3b) of the investigation, 
The response to stimulation at the same frequency 
obtained in general illumination is well shown at the 
beginning (Fig. 3c), and at the end (Fig. 3d), With 
general illumination the specific response to light can 
as arule be recorded over a wider region, and in 
particular in leads VII-VIII, 


The results obtained on the increase in the 
amplitude of the specific response to light when addi- 
tional afferent stimulation of the auditory or proprio- 
ceptive receptors is given during general illumination 
in man agrees with the results obtained in animal 
experiments, 


Chang [5] showed that the electrical response 
of the visual cortex to stimulation of the lateral 
geniculate body and the response of the auditory 
cortex to stimulation of the medial geniculate body 
are increased in amplitude by illumination of the 
retina; the threshold of the responses is also reduced. 
However, a very bright light may suppress the re- 
sponses, Gellhorn [10] found that in the cat under dial 
anesthesia, the primary responses of the visual and 
auditory areas were increased in amplitude during 
painful stimulation, and became more regular and 
extended over a greater area of the cortex. Other 
results have been obtained which are the reverse of 
those described above. Thus, in animal experi- 
ments, S. P. Narikashvili [2] found that when the 
preparation was in good condition and when the 
strength of the stimuli was appropriately chosen, 
sound stimulation might exert a depressive effect 
on the primary response of the visual area, and light 
stimulation might similarly depress the response of 
the auditory area, 


Studies on man have been made by Jasper and 
Cruishank [11]. They studied the response of the 
human EEG to light, and found that the response was 
maximal in amplitude and most regular in cases when 
the muscles were relaxed and the eyes were closed. 


The reason for these contradictions was evidently 
due to the different conditions under which the experi- 
ments were carried out and the different kinds of 
strength of stimuli used. 


All the facts we have considered show that a 
current of nervous impulses passing along one afferent 
pathway will affect the activity of another system, 
will reflect the excitability of the brain and in so 
doing will establish a background on which the activity 
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of any other afferent system will be manifested, Evidently the change in excitability concerns not only the 
cortical neurons, but the whole afferent system, Chang [5] has shown that when the whole of the grey matter 

of the brain is removed, the effect of the increase of the primary response to illumination of the retina is preserved. 
Probably such effects are mediated through the nonspecific projection system, 


SUMMARY 


A study was made of the local specific response to light in the human EEG, registered by bipolar recording 
with a sagittal occipital electrode, It was found that background illumination combined with additional sound 
or proprioceptive stimulation caused the amplitude of the response to increase, to become more regular, and to 
spread to adjacent areas, 
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Active Member AMN SSSR V. N, Chernigovskii) AMN SSSR Moscow 
(Presented by Active Member AMN SSSR V. N. Chernigovskii) 

Translated from Byulleten’ Eksperimental'noi Biologii i Meditsiny, Vol. 50, 
No. 11, pp. 8-13, November, 1960 

Original article sbumitted October 18, 1959 


The ballistocardiogram was developed in 1951 as a method of studying cardiac activity [1], and in recent 
years there have been extensive theoretical and clinical applications, It is a method of recording the kinetic 
processes associated with cardiac activity and with the movement of the blood in the main vessels, The receptive 
element of the apparatus produces an analysis of the forces acting on it, these forces originate in the thoracic 
cavity of the subject, who lies on a special table. The principal record is that of the projection of the center of 
gravity of the thoracic cavity on to the receptive plane of the instrument. 


It has been shown [2] that a sufficiently complete account of the movement of the center of gravity of the 


human thoracic cavity may be obtained by means of two leads of the ballistocardiogram, the longitudinal and 
the transverse. The first of these (BCG-1) records the displacement along the longitudinal body axis. Displace- 
ments perpendicular to the longitudinal axis are recorded by the transverse lead, BCG-2, 


We here report a study of the changes in the transverse lead, 


The longitudinal ballistocardiogram has by now been adequately studied, but little work has been done on 
the transverse component. The BCG-2 component has been used as an additional recording in vector ballisto- 
cardiography (2, 3, 4), and it has also been studied in connection with the work of the heart in patients with 
hereditary heart disease [6]. In this connection, a physiological analysis of the transverse bailistocardiogram 
is not only interesting as a method, but it also has practical applications because, as will be shown below, it 
enables the duration of ventricular systole to be determined clinically in diagnosing various cardiac diseases, 


METHOD 


The transverse ballistocardiogram is recorded by means of a two-channel addition to a "Biofizpribor" 
electrocardiograph. The pick-up device responds to the displacement of the center of gravity of the thorax both 
longitudinally and transversely, For transverse recording, the device is connected so that a displacement of the 
load from the patient's right to left gives a negative deflection of the oscillograph beam. ; 


Simultaneously, a recording is made of; the electrocardiogram (lead II), heart sounds, longitudinal 
ballistocardiogram, and the sphygmogram of the carotid artery, All the curves are on the same time scale, The 
rate of movement of the photographic paper is either 50 or 100 mm/sec, The time marker consists of vertical 
lines extending across the whole 120 mm width of the paper at 0,02 sec time intervals, 


Because the pulse wave reached the carotid artery at an appreciable time after the moment of opening of 
the semilunar valves, when comparing this curve with the transverse ballistocardiogram we have introduced a 
time correction for the rate of spread of the pulse wave, For each separate curve this correction was calculated, 
by Schulz’s method,[13], as the time interval between the second sound and the notch on the carotid pulse curve, 
made on 70 healthy human subjects between 20 and 
40 years old, 
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In addition to making a physiological analysis 
of the transverse ballistocardiogram, we also studied 
the shape of the recording itself. 


We here report the results of investigations 
made on 70 healthy human subjects between 20 and 40 
years old, 


RESULTS 


The transverse ballistocardiogram consists of a 
curve which repeats at each heart beat, and whose 
shape shows the same characteristic features in dif- 
ferent investigations, The principal waves of the 
systolic complex have been described by us so as to 
correspond to those of the longitudinal ballistocardio- 


3 gram, and are designated q, B, z, C, D, E, and F, 
The individual features concern essentially the 
depth of the z wave and the height of the C wave, 
‘ In some cases the B wave is toothed (Fig. 1). 


Er : As is shown in Fig. 2a, all the waves of the 

; BCG-1 and BCG-2 are strictly synchronous (except for 

: ie the D wave), At the same time, on the transverse 
| # ballistocardiogram there are always two waves (the x 
and y waves) for which in some cases there is no cor- 

responding wave on the BCG-1. The values for the 

duration of the BCG-2 waves are given in Table 1, 
Individual variations in the duration of the intervals 
indicate features of the cardiac contraction, and are 


also associated with variations in the cardiac rhythm 
in the different studies, 


Fig. 1. Variants of the normal transverse ballisto- 


cardiogram, The interval q—- B corresponds to 
phase of asynchronous contraction, the interval 
B— z represents the phase of isometric contraction, 
the z— y interval corresponds to the expulsion of In 80% of the cases a comparison of the trans- 
blood from the ventricles, and the y— E interval verse ballistocardiogram and the electrocardiogram 
represents the protodiastolic period. showed that the break in the curve q (Fig. 2b) cor- 
responds to the beginning of electrical systole (Q wave). 
In other cases, the onset of depolarization of the ventricles is not indicated on the BCG-2, evidently because of 
the small mechanical effect of the asynchronous contraction, 


When the transverse ballistocardiogram is compared with the phonocardiogram, it is seen that the beginning 
of the high frequency oscillations of the first sound corresponds precisely to the point B of the transverse ballisto- 
cardiogram, and the onset of the second sound occurred at the same time as the point E (see Fig. 2b), 


In the carotid pulse curve produced as described above, the beginning of the anacrotic notch corresponds 
to the apex z on the BCG-2, and the lowest point of the notch on the pulse curve corresponds to the point E on 
the BCG-2, In all cases the point y on the BCG-2 corresponds clearly with the point at which the catacrotism 
changes into the notch (Fig. 2b). 


The relationship between the transverse ballistocardiogram and the electrocardiogram, phonocardiogram, 
carotid pulse curve, and longitudinal ballistocardiogram is summarized in Fig. 3. 


The comparison enables a physiological evaluation of some of the waves of the systolic complex of the 
transverse ballistocardiogram to be made, The first of these, the q wave, evidently represents the phase of what 
Holldack has called the phase of change of shape of the ventricles, or, as we call it, the phase of asynchronous 
contraction. This is the time of occurrence of the successive contraction of the different parts of the ventri- 
cular myocardium, which causes them to change shape without increasing the intraventricular pressure. 
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Fig. 2, Simultaneous records of the transverse ballistocardiogram 
(BCG-2) and the electrocardiogram (ECG), phonocardiogram (FCG), 
sphygmogram of the carotid artery (SG), and the longitudinal 
ballistocardiogram (BCG-1), Description in text. 


TABLE 1 


Values of the Time Intervals of the Transverse 
Ballistocardiogram 


Limits over which duration 


Interval 
varies (in seconds) 


0.04— 0,07 
0.02—- 0.05 
0.03 — 0.06 
0,03 — 0.06 
0.08 — 0,12 
0.06 — 0,10 
0,.02— 0,05 
0.01 — 0,04 
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The B wave of the transverse ballistocardiogram 
occurs at the moment of closure of the atrioventricular valves, 
as is shown by the fact that it coincides with the onset of 
the high frequency oscillations of the first sound, Holi- 
dack [11] and others after him [8, 12] have used this 
phonocardiographic criterionto determine the onset of the 
phase of increased intraventricular pressureor the phase of 
isometric contraction. Consequently, the point B of the transverse ballistocardiogram represents the commence- 
ment of mechanical systole of the ventricles, 


Fig. 3. Diagram comparing the trans- 
verse ballistocardiogram with curves 
recorded by other methods (indications 
as in Fig. 2). 


The accurate correspondence of the point z of the transverse ballistocardiogram with the beginning of the 
anacrotic notch on the sphygmogram of the carotid artery indicates that the point z represents the beginning of 
the phase of expulsion of blood from the ventricules, or, what is the same thing, the end of the phase of isometric 
contraction, 


Further comparison of the ballistocardiogram and carotid pulse curve enables the physiological significance 
of the y and E waves to be elucidated, The correspondence of the former with the beginning of the notch, and 
of the latter with the lowest part on the curve indicates that the point y on the transverse ballistocardiogram 
represents the beginning, and the point E the end of the protodiastolic period. 


The protodiastolic period as defined by Wiggers [14] follows after the phase of expulsion of the blood from 
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TABLE 2 
Mean Duration of the Phases of Cardiac Contraction in Healthy Subjects (in seconds) 


Phase of Phase of 

asynchro- | isometric Expulsion Mechanical] Proto- 
nous con- | cohtrac- 

traction tion 


Author Method of investigation 


Holldack[li]........ Polycardiography 
Nassi and others[12] .. The same 
E. B, Babskii and 
V. L, Karpman[5).. 
E, B, Babskii and 
V. L. Karpman[5}.. 
Our own results...... 


*The duration of the protodiastolic period is included in the expulsion phase, 


the ventricles and represents the time expended in closing the semilunar valves. The onset of the protodiastolic 
period (end of the expulsion phase) is determined from the beginning of the notch on the pressure curve of the 

great vessels [14]. Brocmser [9%] has shown that this moment may be determined also from the carotid pulse curve, 
the beginning of the notch on it corresponding to the end of the phase of expulsion of the blood from the ventricles, 
However, the end of the protodiastolic period (the time at which the closure of the semilunar valves is completed) 
corresponds to the lowest point of the notch on the carotid pulse curve and to the beginning of the second heart 
sound, 


The results obtained show that many of the waves of the transverse ballistocardiogram are associated with 
mechanical processes which represent the beginning or end of the different phases of contraction of the ventricles, 
It is clear that the duration of the different systolic phases may be determined from the interval between the re- 
levant waves on the BCG-2. Thus, the q— B interval represents the duration of the phase of asynchronous contrac- 


tion (the time from the beginning of electrical depolarization of the ventricles to the time of closure of the 
auriculoventricular valves). The B— z interval corresponds to the phase of isometric contraction (the period dur- 
ing which the valves are closed). The duration of both intervals corresponds to Blumberger's phase of tension [7]. 


The next, systolic, or expulsion phase, was previously considered as the part of the cardiac cycle during 
which the semilunar valves were open, However, after the work of Wiggers [14] it became clear that actually the 
time during which blood is expelled from the ventricles is somewhat shorter, because the closure of the semilunar 
valves takes place during the relaxation of the myocardium, and therefore cannot be included in the expulsion 
phase. This fact is revealed in many works on the analysis of the phases of cardiac contraction[10, 15], Never- 
theless certain authors [7, 11, 12] continue to include the protodiastolic period in the expulsion phase, Evidently, 
in that case, the duration of this phase will be relatively increased, 


As has been pointed out previously, in the transverse ballistocardiogram it is possible to distinguish the 
protodiastolic period (y— E interval) and, consequently, to determine the duration of the actual expulsion phase 
(interval z— y). 

Because the duration of mechanical systole includes the times of isometric and of isotonic contractions, it 


may be determined from the B— y interval of the transverse ballistocardiogram., 


Table 2 shows the durations of the different phases of ventricular systole as revealed by the transverse 
ballistocardiogram in the healthy human subjects whom we studied, as well as the results previously published by 
other authors who used different methods. 


It can be seen from Table 2 that the phasic analysis of cardiac contraction from the ballistocardiogram is 
quite precise, so that it can be used for physiological and clinical investigations, 


Finally we may note that the analysis of the phases of cardiac contraction which we have made by means 
of the ballistocardiogram has some advantages when compared with the corresponding information revealed by 
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longitudinal ballistocardiography, as some of the waves are more clearly shown, Also, no reliable determination 
has been made of the significance of the point y on the BCG-1, However, the B wave on the BCG-1 is often more 
clearly shown than on the BCG-2, For an analysis of the different phases, it is therefore advantageous to use both 
the ballistocardiograms, 


SUMMARY 


For the first time a physiological analysis has been made of the transverse ballistocardiogram, The curve 
was found to indicate the different phases of the cardiac cycle, It was shown that in man under normal condi- 
tions the phase of asynchronous contraction lasts 0.053 seconds, the phase of isometric contraction for 0,032 
seconds, the ejection phase for 0.280 seconds, mechanical for 0,312 seconds, and the protodiastolic period for 
0,035 seconds. An accurate analysis of the different phases of the different cardiac contractions by means of 
ballistocardiography can be made by recording the longitudinal and transverse ballistocardiograms simultaneously, 
The transverse ballistocardiogram shows a considerable degree of consistency in different healthy individuals. 
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We have shown previously [1] that in conditioned reflex defensive activity, cortical influences reach the 
thyroid by the humoral path. 


We here report a study of the problem of whether the humoral connection between the cortex and the 
thyroid is universal, or whether the transmission may change according to the influence of the surrounding 
medium on the central nervous system. 


METHOD 


The experiments were carried out on nine dogs. The functional condition of the central nervous system 
was altered by means of feeding conditioned reflexes, Conditioned reflexes were established in response to the 
sound of a metronome at 120 beats per second, and to intermittent light from a 50 w electric lamp, Inhibitory 
conditioned reflexes were developed to a metronome operating at 30 beats per minute, and by intermittently 
extinguishing positive conditioned reflexes. The activity of the thyroid gland was estimated from its content of 
radio iodine, Radio iodine was given orally, as was the sodium salt, the dose being 0.7 uC per kg. The experi- 
ments were carried out 48 hours or more after injecting I"**, The radioactivity of the thyroid was determined 
immediately after presenting the conditioned stimuli, after 15 minutes, subsequently at 30 minute intervals for 
3-4 hours. The change was expressed as a percentage of the original value of the radioactivity which was assumed 


to be 100%, 
RESULTS 


At the outset, a careful study was made of the variation of the radio iodine content of the thyroid while 
the dogs were kept in the room and in the conditioned-reflex test compartment, It was found that in neither place 
did the level vary by more than 410%, a result which showed that the conditions of the experiment themselves 
did not cause appreciable changes in thyroid activity. In this way we determined the normal level during the 
period of the experiments, The animal was then given a meat powder while it was in the conditioned-reflex test 
compartment, the portions consisting of 25 g which were given at 5 minute intervals 5-6 times during one experi- 
ment, It was found that here too the thyroid gland activity did not vary by more than 410%, It was therefore, 
established that the food stimulus is without effect on thyroid activity. 


The next stage was to determine the effect of the conditioned food stimuli on the thyroid activity, 


Even the first experiments in elaborating feeding conditioned reflexes showed that a considerable change 
in the level of thyroid radio iodine occurred. 


It can be seen from Fig. 1 that when conditioned reflexes are developed to Myo, the amount of radio iodine 
in the thyroid gland is reduced and that the low level is maintained for 2-3 hours, after which it returns to its 
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original value, With training, the response of the 
thyroid to the conditioned stimulus is reduced, and 
disappears when well reinforced conditioned reflexes 

NAO are established (See Fig. 1). The development and 
reinforcement in a single animal of a conditioned 
reflex to a second new stimulus, for example, to 
intermittent light, produces a change in thyroid 
gland activity similar to that which has just been 
described, 


4 hr 5 min-4 hr 20 min 


The effect of inhibition (extinction) on the 
secretion of the labelled hormone is increased in 
some animals and in others it is depressed (see Fig. 
1). M. A. Usievich [2] observed a rather similar 
effect when studying the influence of the cerebral 
cortex on visceral function, He was able to show 
that the greatest change in the activity of the 
stomach, pancreas, liver, and other organs occurred 
during the period when either positive or inhibitory 
conditioned reflexes were being elaborated. 


% change 


| 


imp/ min 


I, N. Knipst, T. A. Korol’kov, and M, N. 
Livanov [3] also showed that the synchronization 
of cortical activity was best shown during the develop- 
ment of a conditioned reflex and was maintained for 
a short while after it had been elaborated, i.e., when 
it was most completely generalized. The increased 
synchronization of cortical electrical activity was 
also observed when the conditioned reflexes were 
being extinguished. 


2 hr 5 min-2 hr 20min] 3 hr 5 min-3 hr 20 min 


The results reported show that in contrast to 
unconditioned reflexes, for conditioned reflexes 
the whole set-up of the experiment and the applica- 
tion of conditioned stimuli to dogs is a very delicate 
task, Conditioned reflex activity requires a consider- 
able potential in the cerebral cortex, particularly 
when the animal is first confronted with a new 
stimulus which induces widespread excitation of 
the central nervous system, This result is reflected 
in -ome way in the operation of the viscera, and, as 
our cxperiments have shown, on the work of the 
thyroid, As conditioned reflex training continues, 
the excitation becomes concentrated, and a well- 
developed conditioned reflex has no appreciable 
effect on visceral function, or, in particular, on 
the operation of the thyroid, 


% change 


1 hr 5 min-Jhr 20 min 
imp/ min 


Thus, the results obtained for the thyroid in- 
dicate the immensely important part played by the 
functional condition of the central nervous system, 
or, more accurately stated, by the condition of the 
cells of the cerebral cortex in controlling endocrine 
activity. 
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Fig. 1. The effect of conditioned food stimuli on the 
1! thyroid gland content. 


Hours 


— Intact dog 

It was extremely important to determine in what — _ After hypothesectomy 
way the influence of the central nervous system on the sees reed eee sn ree 
thyroid is conveyed, Using the method described previously denervating adrenals 
[1], we have studied the transmission path from cortex to 
thyroid in three sets of experiments, It was first required Fig. 2. Change in the amount of as 
to determine whether the cortical influence travels along in the thyroid gland of a dog during 
the same pathway as it does during defensive conditioned feeding conditioned reflex activity. 
reflex activity. Experiment conducted after breaking 


the connection between the central 


The first experiments were carried out on hypo- 
nervous system and the adrenals, 


physectomized animals in order to determine whether the 
hypophysis is an essential link in the transmission between 
cortex and thyroid, The animals were used for the experiment three weeks or more after removing the anterior 
lobe of the hypophysis. In the operated animals, it was difficult to develop conditioned reflexes; thus, in one 
operated dog, the first conditioned reflex appeared on the 17th combined application of the conditioned and 
unconditioned stimuli. As a rule, the latent period varied between 3 and 5 seconds, and sometimes was as long 
as 7 seconds, The reflexes were difficult to reinforce, and frequently even after reinforcement, it was difficult 
to obtain a prompt response to the initial stimulus, Hypophysectomy therefore produced a definitely deleterious 
influence on higher nervous function, 


As can be seen from Table 1, the effect of the formation of conditioned feeding reflexes in the hypo- 
physectomized animals was to increase the secretion of radio iodine from the thyroid, In most cases this response 
appears immediately at the end of stimulation; during the next 2-3 hours the reaction increases further, and then 
gradually declines, The same result was obtained in almost all the experiments of this series, The results shown 
in Table 1 indicate that the cortical effect on thyroid gland function can take place without the involvement of 
the hypophysis, a conclusion which is in line with the results which we obtained on defensive conditioned reflex 
activity. 


In the next set of experiments we studied the part played by the adrenal glands in the transmission of the 
cortical influence on thyroid function, The animals were used for the experiment after removing the anterior 
pituitary lobe, and after separating the adrenals from the central nervous system by dividing the left-splanchnic 
nerve and removing the right adrenal gland, In these animals, conditioned reflex activity was approximately 
the same as in the hypophysectomized dogs, 


It can be seen from Table 2 that food conditioned stimuli had no effect on thyroid function, Variations in 
the level of radio iodine in the gland did not exceed 410%, As was pointed out previously, such variations are 
within normal limits, Consequently, no change in thyroid function is caused by the elaboration of conditioned 
reflexes. Therefore, in this case cortical influence does not extend to the thyroid gland, In these animals, under 
the influence of internal inhibition the amount of radio iodine in the thyroid gland again does not exceed the 
normal limits of variation, Thus, after removal of the hypophysis and destroying the connection between the 
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adrenals and the central nervous system, neither the development of positive conditioned reflexes nor the establish- 
ment of internal inhibition exerts any influence on the secretion of labelled thyroid hormone, 


Because it is known that thyroid function is reduced by hypophysectomy, it would be expected that the 
failure of the thyroid to respond to cortical impulses would occur as a result of its reduced level of activity. In 
order to discount this explanation, it was required to stimulate thyroid function in these animals, which was done 
by repeatedly injecting thyrotropic hormone. Thus, in the dog Lorta, 7 months after operation the maximal ab- 
sorption of radio iodine was reduced from the normal value of 22.4% to 4.8%. After subcutaneous injections of 
0,5-1 ml of the thyrotropic hormone “Ambinon", the maximum absorption of radio iodine by the thyroid had in- 
creased to 45%, The results of experiments carried out on animals in whom the thyroid gland had been stimulated 
in this way were no different from those described above (see Table 2). 


The results of this set of experiments completely agree with those obtained in the study of defensive con- 
ditioned reflexes, After hypophysectomy and the interruption of the nerve supply to the adrenals, all possibility 
of the transmission of cortical influence to the thyroid gland had been excluded. 


The problem then arose as to whether the adrenals are normally involved in the transmission of cortical 
influence to the thyroid, when the hypophysis is still present, 


After severing the nerve supply from the central nervous system to the adrenals as described above, the 
development of conditioned relfexes was associated with a greater excretion of labelled hormone into the blood 
stream (Fig. 2). This result shows that in this case the link between the central nervous system and the thyroid 
includes the hypophysis, For the sake of clarity, in Fig. 2 the results for all three sets of experiments are shown. 


The following conclusions may be made from the results obtained: the effect of the cerebral cortex on 
the liberation of thyroid hormone can occur only when either the hypophysial or the adrenal hormonal link is 
present. 


Because the existence of this hormonal link is essential for the transmission of both defensive and feeding 
conditioned reflexes, i.e., for the realization of different influence from the surrounding medium, it may be 
taken as established that humoral transmission is a quite general means of association between the central nervous 
system and the thyroid gland. 


SUMMARY 


The action of the cerebral cortex upon the thyroid gland is effected humorally during both feeding and 
defensive reflex activity. 


In both instances either the hypophysis or the adrenal glands are involved. It is concluded that humoral 
transmission is quite a general form of connection between the cerebral cortex and the thyroid, 
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Cooling human beings and animals causes the development of weak electrical activity in “resting” muscles, 
a condition which has been referred to as thermoregulatory tone, The effect was first discovered by Burton and 
Bronk [9], and the work was extended by other investigators [2, 3}. It is thought that the electrical activity of 
the muscles during their apparent resting condition indicates changes in muscular metabolism, and constitutes an 
important mechanism of chemical thermoregulation, 


The present work describes a parallel study of gaseous exchange and electrical muscular activity at different 


body temperatures reached initially by the application of heat and then by the induction of deep hypothermia. 


Variations in gaseous exchange at different body temperatures have been studied by several investigators 
{2}. In white rats, the corresponding changes in oxygen consumption have been studied in detail in our laboratory 
byA. Izbinskii [4] and A. I. Shcheglova[7). Because the muscles play an important part in chemical thermo- 
regulation, an attempt to relate changes in gaseous exchange to variations of the electrical activity in the muscles 
is extremely important. (After our work had been completed, a report was published by I. S, Repin (5) describing 
thermoregulatory tone in cooled rabbits.) 


METHOD 


The work was carried out on white rats weighing 180-200 g. The animals were placed in narrow cages 
having wire sides and top and a wooden floor, Such an arrangement limited their movements, and enabled any 
necessary manipulations to be carried out while a normal body position was maintained, Measurements were 
made of the electrical activity of the muscles of the thigh, and in some cases of those of the back, neck and head. 
The apparatus and method for recording the muscular potentials has been described in detail previously [2, 3). 
Gaseous exchange was determined in pneumatically sealed chambers of 15 liters capacity. Air samples were 
analyzed by means of a Haldane apparatus. Body temperature was measured by a thermocouple inserted 2.5 cm 
into the rectum. 


The rats were placed in a hermatically sealed chamber which was initially at 35°, When the temperature 
in the rectum reached 38.5-40°, the chamber was ventilated and the gaseous exchange and electrical muscular 
activity were determined. The animals were left in the room for 20-25 minutes, The next experiment was carried 
out in the same way at a temperature of 19-22°, the temperature in the rectum being 35-36°; the temperature of 
the chamber was then reduced to 8-105 when the rectal temperature fell to 29-32". 


For greater cooling, the rats were immersed for a few seconds in water, and then transferred to a refrigerator 
at—5°. When the temperature in the rectum had fallen to 26-17°, gaseous exchange and electrical muscular activity 
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The Changes in the Oxygen Consumption in White Rats at 
Different Body Temperatures 


| Body temperature 


Number of 
; 39—40° 35—36° 29—32° 19—22° 18—17° 
animals 


Oxygen consumption (in mI/g/hr for mean) 
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Fig. 1. Change in the oxygen demand and in muscular electrical activity in the thigh 
muscles of the rat at different body temperatures. 1) At a rectal temperature of 39.2° 
(the electrocardiogram is shown); 2) at 34.9° 3) at 31.4°; 4) at 21.5°; 5) at 18.5°, 
The electrocardiogram record was taken at a paper speed of 50 mm per second (on the 
left) and at a speed of 2 mm per second (on the right), The oxygen consumption (shown 
by the horizontal columns placed above the electrocardiogram) is given in ml per g 


per hour, 
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were again measured, In this case the temperature of 
the gaseous-exchange chamber was 18-20”. 


In other experiments, the electrical activities in 
muscles and in the cerebral cortex were recorded simul- 
taneously. For this purpose the animals were fixed to a 
stand, and after the fur had been moistened with water 
they were surrounded by finely crushed ice. Platinum 
electrodes were introduced into the brain to a depth of 
1-1.5 mm, Temperature measurements were made of 
the rectum, muscles, and brain, In all, 140 experiments 
were performed on 34 rats, 


RESULTS 


As can be seen from the table and from Fig. 1, 
for a body temperature of 38,5-40°, the minimum value 
of the gaseous exchange is attained when there is practi- 
cally no electrical activity in the muscles, At a body 
temperature of 35-36°, the greater oxygen demand coin- 
cides with a comparatively feeble but maintained 
muscular electrical activity. This phenomenon of 
thermoregulatory tone is not associated with any move- 
ments, but may be observed during the whole of the 
experiment, while the animals remain motionless, The 
smallest observable movement of the rat causes a 
momentary burst of potentials of large amplitude (up 
to 300-600 v or more), 


Fig. 2. Change in the electrical activity of the 
cerebral cortex and muscles in the hypothermic 
white rat. 1) Record taken for rectal temperature 
of 35,4°, temperature of temporalis muscle 34,4°, 
of the thigh muscle 34,1°; 2) after cooling to a 
rectal temperature of 11,5°, temperature of 
temporalis muscle 15,8°, thigh muscle 10°, and 
brain 15.9°. Curves from above downwards: 
potentials from cerebral cortex, from temporalis At a rectal temperature of 29-32°, the oxygen con- 
muscle, and from the thigh muscle, sumption increases shaprly, Thermoregularoty tone in- 

creases toa maximum. In addition, shivering commences, 
and is indicated on the electromyogram by periodic bursts of potentials of large amplitude (up to 300-500 pv). 
Cooling the body until the rectal temperature falls to 22-19° causes a reduction in gaseous exchange and a de- 
pression of the electrical activity of the muscles, As can be seen from Fig. 1., there is then no appreciable 
change in the shivering, and at the same time the thermoregulatory tone is decreased. There is a reduction in 
the frequency and the voltage of the separate potential excursions. The peaks become rounded. Further cooling 
to a rectal temperature of 18-17° causes a marked reduction in gaseous exchange. The electrical activity of the 
distal parts of the body (hind legs and back) is depressed. However, some electrical activity is maintained in the 
muscles of the head and neck, and, as our subsequent experiments showed, there is even a depression of the 
cerebral potentials. We found that the potentials developed in the cerebral cortex disappeared at a brain tem- 
perature of 16-17°. The temperature in the rectum, in the muscles of the thigh, and in the temporalis muscle 
then were 11-15°, 10-14°, and 16-17°, respectively. In our experiments, the temperatures of the brain and of the 
temporalis muscle were always a few degrees higher than in the thigh and rectum (Fig. 2). 


It was therefore found that the oxygen consumption and electrical activity of the main mass of skeletal 
muscles of the white rat were altered in the same direction over a range of temperatures extending from hyper- 
thermia to profound hypothermia (while the animal remained apparently completely at rest). 


There are two kinds of electrical activity which develop as a response involving chemical thermoregulation, 
The first kind is the well-known cold shivering, which takes place only after considerable cooling has occurred. 
The second kind consists of thermoregulatory tone, which is a more precise method of chemical thermoregulation. 
During a gradual transition from a raised body temperature to a very low one, thermoregulatory tone is initiated 
considerably earlier than cold shivering, and disappears earlier too. 


It is clear that different physiological mechanisms underlie the two processes. 


It appears that the muscular system plays a definite part in thermal regulation, even where extreme body 
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temperatures are concerned, Thus, for instance, the complete absence of electrical muscular activity during 
raised body temperature must be interpreted as an adaptive mechanism which reduces the formation of heat in 
muscle to a minimum, On the other hand, a certain degree of electrical activity is maintained in some 
muscles at very low temperatures, This result confirms the view of A.D, Slonim [6], A. Izbinskii [4] and 
Giaja [11] who maintain that the constant-temperature body mechanisms continue to operate even in profound 
hypothermia, It is interesting that the body's response to cooling is maintained even after the higher nervous 
centers have been put out of action, This effect is precisely the opposite of that which we observed in our 
experiments on hypoxia, when thermoregulation failed comparatively early, and muscular electrical activity 
was completely suppressed, although cerebral electrical activity was well maintained [2}. 


It is important to note that during progressive cooling, activity is maintained longest in the proximal 
parts of the body. It would appear that we are here concerned with a mechanism of “regional” thermoregulation 
which has the effect of maintaining the highest temperatures in the most important parts of the body. “Regional” 
thermoregulation occurs in all homothermic animals, and results in only certain of the organs and tissues (brain 
and viscera) having a constant temperature, while the temperature of the peripheral parts of the body varies 
greatly with the temperature of the surroundings (8, 12 and others}. Regional thermoregulation is particularly 
well developed in hybernating species on awaking from the winter sleep, During the warming up period, the 
temperature in the mouth may be 10-15° higher than that in the rectum (review and original observations by 
Eisentraut [10]). This interesting observation requires further study. 


SUMMARY 


Gaseous exchange and electrical activity of skeletal muscle were studied in white rats at rest, The rectal 
temperature varied between 38,5°-40° and 18-11°. It was shown that when the body temperature was high, gaseous 
exchange was minimal and there was no electrical activity in the muscles. When the body temperature fell, 
both gaseous exchange and muscular electrical activity first rose and then fell, At very low body temperatures, 
only the muscles of the proximal parts of the body continued to manifest some electrical activity. 


LITERATURE CITED 


F, A, Gluzman, in: Problems of Hypothermia and Pathology. [in Russian] (Kiev, 1959) p. 17. 

K, P. Ivanov, Fiziol. Zhur, SSSR 45, 8, 988 (1959), 

K, P, Ivanov and Teng Su-i, Fiziol. Zhur. SSSR, 46, 1, 72 (1960). 

A. Izbinskii, in: An Experimental Study of the Regulation of Physiological Functions under Natural 
Conditions of Existence of Organisms [in Russian] (Moscow-Leningrad, 1953) Vol, 2, p. 9. 

I, S. Repin, Pat. Fiziol. i Eksp. Ter. 3, 5, 48, (1959). 

A. D, Slonim, Animal Heat and its Regulation in the Mammalian Organism [in Russian] (Moscow-Lenin- 
grad, 1952), 

A. I. Shcheglova, in: An Experimental Study of the Regulation of Physiological Functions under Natural 
Conditions of Organisms [in Russian] (Moscow-Leningrad, 1953) Vol. 2, p. 19. 

A. Barton and O. Edholm, Man in a Cold Environment [Russian translation] (Moscow, 1957). 

A. C, Burton and D, W. Bronk, Am, J, Physiol. 119, 284 (1937). 

M, Eisentraut, Der Winterschlaf mit seinen okologischen und physiologischen Begleiterscheinungen (Jena, 
1956) p. 160, 

J. Giaja, in: 20 Congres international de physiologie. Resumes des rapports, (Brussels, 1956) p. 103, 

H. Precht, J. Christophersen, and H. Hensel, Temperatur und Leben (Berlin, 1955) p. 460, 


1115 


ir 
: 
ae 
1. 
3. 
4. 
: 
5. 
6. 
7. 
8 
9 
9. 
10. 
11. 
9 
12, 


THE REFLEX NATURE OF THE PERIODIC GASTRIC HUNGER 


CONTRACTIONS 
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Despite the large number of investigations of the nature of the periodic hunger contractions of the digestive 
system, much work remains to be done, The great majority of investigators consider them to be induced by some 
humoral influence acting both on certain central nervous structures [7, 14] as well as directly on the effector end- 
ings of the vagus and sympathetic nerves supplying the muscles of the gastrointestinal tract [1, 4, 6, 9, 12, 13, 16). 


Carlson [15] associated the phasic activity of the empty stomach with the activity of the local nervous 
apparatus of the gastric wall. N. V. Raeva and L, K. Pupko [8], M. V. Tetyaveva[11}, V. N. Ivanov [3], and 
N. N. Lebedev [5] attribute the periodic gastric contractions to the activity of the local nervous apparatus as in- 
fluenced by a tonic inflow from the vagi. 


The fact that the contractions are altered by division or by stimulation of the nerves supplying the stomach 
emphasises the importance of the part played by these nerves, 


There are numerous references to the stimulating effect of the vagi on the activity of the empty stomach. 
However, the problem as to whether this activity is determined by naturally occurring afferent impulses passing 
along the vagi from the digestive tract has not previously been investigated. 


In the present work we have determined the effect on the periodic gastric hunger contractions of the flow 
of afferent impulses reaching the vagal nucleus. 


We have shown previously that it is possible to induce gastric contractions at periods when they would not 
normally occur, by artificially stimulating with sodium chloride solutions the receptors of the vagus after they 

had been associated with the skin by a nervous anastomosis with the vagus medianus, However, this method gave 
only indirect information concerning the parts played by afferent vagal fibers in the generation of gastric hunger 
contractions, The present work represents an attempt to establish directly the part played by the naturally occur- 
ing afferent vagal impulses in stimulating these contractions. 


METHOD 


The experiments were carried out on three dogs, All were supplied with gastric fistulae and a balloon, and 
the gastric contractions were recorded by the usual method, In addition, in each dog an anastomosis was made 
between the central end of the right vagus and the peripheral end of one of the nerves of the front legs [2]. The 
left vagosympathetic trunk in the neck was brought out into a strip of skin, In two dogs the skin strip contained 
the right vagosympathetic trunk above the site of anastomosis. 


The left vagosympathetic trunk was contained in a portion of skin, and so could be blocked at any moment, 
and in all the animals the right vagus had been divided either mechanically or chemically. Mechanical block 
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Fig. 1. Change in the gastric contractions following mechanical block of the remaining 
left vagosympathetic trunk, a) Initial rhythmic gastric hunger contractions; b) block 
established at the beginning of a resting period; c) block established at the end of a 
resting period; d) stimulation of the receptors of the right anastomosed vagus nerve, 
combined with block of the right vagus at the beginning of a resting period, 

Key: b1) Reduction of the left vagus; cl) predominance of the left vagus nerve trunk; 
c2) P, 200 in 1° Horner* syndrome; d1) Horner's syndrome from the left P, 200 in 1°; 

d2) predominance of left vagus nerve trunk, 5% NaCl. 


was made by applying pressure to the nerve by an inflated rubber cuff contained within a metal ring round the 
skin bridge. Usually a complete block occurred after 15-20 minutes of applying an air pressure of 120 mm 
mercury to the inside of the cuff. The onset of complete block was usually determined by observing the de- 
velopment of Horner's syndrome, and an increase of pulse frequency to 200 beats per minute, 


Chemical block was induced by injecting 30 ml of 0.5% warmed novocaine solution into the nerve trunk, 
The dogs were starved for not less than 18-20 hours before the experiment, 


RESULTS 


First of all, in each animal the normal periodic hunger contractions were recorded, In two of them 
(Charley and Klyuchik) the active periods lasted on average for 15-20 minutes, alternating with periods of rest 
lasting for one hour (Fig. 1a). In the dog Ezhik, twenty-minute active periods were separated by intervals of 
one and a half hours. 


In the first set of experiments a mechanical block was applied to the vagosympathetic trunk brought out 
into a strip of skin on the neck. It was found that the effect of such a block on the onset of gastric contractions 
depended on the moment of the resting period during which it was applied. If the pressure was applied at the 
beginning of a resting period, then the next active phase did not occur after the release of the block for a time 
equal to the length of a normal resting period (Fig. 1b). When a mechanical block was established in the middle 
of a resting period, the next active phase developed at a time after the release of the block equal to the difference 
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Fig. 2. Change in gastric motility in a dog following novocaine block on the left vago- 
sympathetic trunk. a) Initial rate of gastric contraction; b) injection of 10 mg per kg 
of a 0.5% novocaine solution into the skin strip of the left side; c) stimulation of the 
receptors of the right anastomosed vagus by application of a 5% sodium chloride solution 
to the skin while applying a novocaine block to the left vagus. 


between the normal duration of the resting period and the time which had elapsed between the end of the pre- 
vious active period and the application of pressure to the nerve, However, when the block was established to- 
wards the end of a resting period and 15-20 minutes before the onset of the next contraction phase, the next 
period due occurred immediately after the block was removed (Fig. 1c). 


It might be thought that one of the possible reasons for the delay in the operation of the mechanical block 
applied to the single remaining vagosympathetic trunk, when established at the beginning of a resting period, 
would be the stimulating effect of the block both on central nervous structures as well as directly on the gastric 
motor apparatus. However, the fact that mechanical block established at the end of a resting period did not pre- 
vent the development of hunger contractions from occurring after it had been removed, demonstrates in our 
opinion that such a procedure exerts no inhibitory effect on gastric contractions, All the same, special control 
experiments were arranged to check this point. In the dog Ezhik, the block was established on the trunk of the 
right anastomosed vagus which was brought out into a similar strip of skin, The left vagosympathetic trunk then 
remained intact. When the anastomosed vagosympathetic trunk was blocked, no changes were observed in either 
the type or the rate of the gastric contractions. 


It seems to us that these control experiments exclude any possible direct stimulant action on a nervous 
center by the block itself. It must also be supposed that the stimulant effects of any mechanical stretching of 
the vagosympathetic trunk must have been prevented by the previous injection into it of 2 ml of a 2% novocaine 
solution, which was given in every case when the mechanical block was applied. 


In our opinion the delay in the onset of the next set of gastric contractions which occurs when the block is 
applied at the beginning of a resting period was due to the arrest of afferent impulses passing along the vagus 
from the gastrointestinal trunk to the vagal center. As confirmation, it was decided to block the current of 
afferent impulses to the vagal nucleus during a resting period, For these purposes, during a block of the left vago- 
sympathetic trunk the receptors of the right vagus were stimulated in the skin by a 5% sodium chloride solution. 
The effect was that a period of gastric contractions usually occurred immediately after withdrawal of the block 
(Fig. 1d). 


These experiments have therefore shown that a mechanical block of the vagus established at the beginning 
of a resting period prevented the flow of afferent impulses to the vagal nucleus, which in turn prevented the re- 
turn of excitability of the central vagal apparatus. It is only when the nerve block was removed, and when the 
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flow of afferent impulses to the center was restored that its excitability once more began to return to the critical 
point he yond which efferent discharges were distributed to the periphery, At the end of a resting period, the 
center had prohably succeeded in becoming “charged” into its operating state, so that vagal block at this period 
prevented only the spread of efferent impulses to the periphery. 


In the second set of experiments an attempt was made to eliminate the conduction of afferent vagal fibers 
during a certain time interval, For this purpose a novocaine vagosympathetic block was used; 10 mg per kg of 
a 0.5% solution of novocaine was injected into a portion of skin. 


Control experiments showed that this procedure effectively produced a selective block of the afferent vagal 
fibers only, Thus, when the novocaine solution was injected into the portion of skin containing the right anasto 
mosed vagus nerve, for the next 30-50 minutes it was not possible to obtain the normal reflex response to stimula- 
tion of the cutaneous vagal receptors which normally takes the form of coughiag or vomitting in response to 
chemical stimulation (2). However, the leg continued to move in conjunction with the act of swallowing and 
respiration, which showed that the continuity of the efferent fibers of the anastomosed vagus were intact. 


When a 0.5% novocaine solution was injected into the strip of skin containing the single remaining intact 
left vagus nerve, there was a delay of 30-50 minutes in the occurrence of the next set of gastric contractions 
(Fig. 2b). 


Special experiments showed that during this procedure the excitability of the vagal nucleus to stimulation 
of the receptors of the right anastomosed vagus was not changed. In response to stimulation of the receptors 

of the right vagus with 5% sodium chloride solution during novocaine block of the left vagus, a set of gastric 
contractions was initiated out of its normal turn (Fig. 2c). These experiments showed that the conductivity of 
the efferent fibers was maintained during novocaine block of the single remaining vagus nerve, It follows there- 
fore that the observed delay in the occurrence of the next set of gastric contractions which follows novocaine 
block of the single intact left vagus may be due principally to suppression of conduction in its afferent fibers. 


In our opinion the results indicate definitely that afferent impulses passsing along the vagal fibers during 
the resting period are concerned in the development of the periodic gastric motility. 


On the one hand, by stimulation of the vagal receptors, which causes an additional flow of afferent im- 
pulses into the vagal center we have been able to cause a set of gastric contractions to occur out of their normal 
turn [10]; on the other hand, selective block of the vagal afferent fibers has been shown to cause a delay in the 
appearance of the contractions, 


The part played by humoral influences is apparently of secondary importance, Indeed, if the periods of 
excitation of the vagal nucleus were induced by humoral factors, then when the efferent vagal fibers were con- 
ducting, gastric hunger contractions ought always to occur. But in fact they do not, as can be seen from the 
experiments described above, 


When there is hunger, the humoral factors very likely determine merely the initial level of excitation of 
the central nervous structures, The periodic processes of excitation which occur in the vagal nucleus are elaborated 
under the influence of afferent impulses from the gastrointestinal tract passing to the center along the vagi. 


SUMMARY 


A study has been made of the mechanism of the periodic gastric hunger contractions, An anastomosis was 7. 
made between the central portion of the right vagus and the peripheral end of one of the nerves of the forelimb, % 
Cutaneous receptors of the right vagus nerve were stimulated; the left vagus nerve was brought out into a skin 
bridge on the neck, and a mechanical and a novocaine block was established. The results indicate that afferent 
impulses in the vagi are concerned in stimulating gastric hunger contractions, 
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It is usually thought that the increase in diuresis which follows a water load (water diuresis) is caused 
chiefly by a reflex originating in the receptors of the tissues and vessels, and brought about by changes in the 
secretion of the antidiuretic hormone of the hypothesis. (The mechanism of the osmoregulatory reflex has been 
studied in recent years in a laboratory directed by Professor A. G, Ginetsinsktii.) 


A large number of experimental results also indicate that reflex influences from the upper part of the 
digestive tract originating in the act of drinking itself also play an important part [2, 6, 7]. These influences 
are particularly significant in connection with the rapid onset of water diuresis. This circumstance may explain 
the numerous observations of the less definite diuresis which follows parenteral introduction of fluid [10, 11, 13}. 


It therefore seemed worthwhile to examine the process of diuresis following the administration of water 
rectally, a procedure which eliminates any reflex effects from the upper part of the gut. 


METHOD 


The work was carried out as chronic experiments on five dogs in which the ureters were exteriorized by 
the method of Paviov-Tsitovich. The food ration was maintained as nearly as possible constant, It was given 
once per day, 16-18 hours before the beginning of the experiment, Before the experiment, the animals were 
taken for a walk in order to empty the lower part of the intestine. 


A water load of 300 ml was given either as a drink, in which case 10% milk was added to the water, or 
rectally over a period of 15-20 minutes through a rubber catheter, The experiment lasted six hours, and urine 
was collected at half-hour intervals. Besides urinary excretion, measurements were made of filtration and re- 
absorption, and of the hydremic response to drinking water or receiving it rectally. 


Filtration and reabsorption was determined from the endogeneous creatin, In addition to the actual values 
of filtration and reabsorption, the changes in these quantities were also significant. The hydremic response was 
determined from the dry residue, which according to many authors [5, 13, and others) represents the most direct 
and accurate indication, 


In all, 71 experiments were carried out, in 28 the fluid was presented as a drink, and in 43 the water was 
given rectally. Filtration and reabsorption were studied in 41 experiments, in 19 of which the dry blood residue 
was determined. The above quantities were measured several times in each experiment, twice before the water 
load, and 4-6 times after it. 


RESULTS 


In th 28 experiments in which water was given by mouth, there was a large increase in diuresis which 
started within half-an-hour of drinking (Fig. 1), After 3 hours, diuresis again fell. The marked increase was 
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Fig. 1. Change in diuresis in the dog Belka after 
drinking 300 ml of water (continuous line represents 
mean of 12 experiments) and injecting the same 
amount into the rectum (dotted line represents mean 
of 14 experiments). The arrow indicates the moment 
at which the fluid is introduced, Abscissa - time 
(each division represents 15 minutes); ordinate — 
diuresis (in ml). The diuresis is shown as a percent- 
age of the total fluid given, left column after oral, 
right after rectal administration, 


due almost entirely to a reduced tubular reabsorption 
(Fig. 3), a result which has been repeatedly reported 
{4, 15, and others}. Filtration showed no very great 
changes, although in half the experiments the increase 
in the diuresis during the first half of the period after 
drinking was partially due to a noticeably increased 
filtration. In three of the 12 experiments the in- 
creased filtration was quite considerable, a result 
which agrees with the findings of several other authors 
{1, 3). 


Of the 34 experiments in which water was intro- 
duced rectally, in three the water diuresis differed 
little from normal, and in eight there was a marked 
increase in the urinary excretion which was less well 
shown, and in 32 the water introduced rectally 
caused either no increase in diuresis or else one which 
was very weak and ill defined (Fig. 1). The lag in 
diuresis after water has been taken in rectally was 
particularly clearly shown during the first two hours 
after its administration, and occurred in all the animals 
(Fig. 2). In the few experiments when the water given 
per rectum caused a much more marked increased 


in diuresis, the increased excretion was due chiefly to a reduced reabsorption, It was however much less well 
shown than in the experiments in which water was taken orally, In the latter case, in almost all the experiments 
reabsorption was greatly reduced in the first hour after taking the fluid, whereas when it was given rectally the 
effect was observed only in one out of 28 experiments. During the second and third hour after giving water 
rectally, there was a marked reduction of reabsorption in only seven of the 28 experiments, whereas whengiven 
by mouth the reduction in the reabsorption was very marked and occurred in all cases, 
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Fig. 2. Change in diuresis after a water load of 300 ml taken either orally 
(close shading) or rectally (sparse shading) as a percentage of fluid intake. 
1) During first hour; 2) during second hour; 3) during third hour; 4) total 
over three hours; a) in dog Belka (mean of 26 experiments); b) in the dog 
Tainy (mean of 21 experiments); c) in the dog Diana (mean of 14 experi- 


ments). 


When the water was given rectally, there was an increase in diuresis due to increased filtration in only four 
of the experiments, In the remainder, filtration was either unchanged or varied within the previous limits, 
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Fig. 3. Effect of a 300 ml water load in the dog Diana on filtration, reabsorption, 

diuresis, and dry blood residue when the fluid is taken (a) orally and (b) per rectum, 

Experiments Nos, 21 and 22, 1) Amount of filtrate not reabsorbed (excreted with ‘ 
the urine) as a percentage of the initial amount; 2) filtration (in ml per minute) el 
as a percentage of the original value; 3) dry blood residue as percentage (the arrow Li 
indicates the moment at which the water is given, the columns the diuresis). 

Abscissa — time, 30 minutes intervals; ordinate: 1) diuresis (ml/ minute); 2) dry 

blood residue. 


Which ever way the fluid was administered, the hydremic teaction was shown to various extents. 


Thus, for instance, in the dog Belka, the maximum reduction of the dry residue after drinking was 7.5%, 
and when the fluid was given rectally it was 7.8%. In Diana, the corresponding figures were 11,2 and 13.6%. 
However, in some experiments in which the water was given rectally, the hydremic reaction was less well shown 
than when it was taken by mouth. It must be noted that the hydremic reaction which occurred in most of the 
experiments did not follow the course of the diuresis, In some cases when there was a hydremic reaction diuresis 
was increased, and again, when there was no hydremic response a copious diuresis occurred. These observations 
correspond with previous reports [12, 14]. 


Our investigations have threfore shown that the increased diuresis which follows the rectal intake of 
fluid occurs much later and is much less marked than when the fluid is given by mouth, It appears that in the 
first case the indefinite diuresis is caused by a slow absorption of fluid from the rectum, This conclusion is 
however contradicted by the results on the hydremic response following rectal water intake, Also, we carried 
out additional experiments in which fluid was withdrawn from the rectum by means of a rubber tube introduced 
through the sphincters. Five minutes after water had been introduced, no more than 25% of the volume given 
could be recovered, and after 15 minutes no fluid could be withdrawn, A few experiments were also carried out 
in which pure water was drunk instead of the mixture of water and milk, The normal well-developed water 
diuresis then occurred, This result showed that the increased diuresis following water taken by mouth was not 
due to its milk content. 


Some experiments were performed in which water was given by mouth and a catheter introduced into 
the rectum for 15-20 minutes, in order to exclude any possible influence of this procedure on diuresis; it was 
found not to reduce the diuresis in any way. In order to prevent as far as possible any influence on urinary ex- 
cretion from distention of the large intestine, as described by N. A. Myasoedova [9], we used fluid which had 
been warmed to body temperature, and introduced it slowly. It must also be remembered that in our experi- 
ments the rapid absorption of the fluid introduced reduced the stretching of the intestine, whereas in N, A, 
Myasoedova's experiments the dilatation of the rectum was continued for several hours, 


M. L, Linetskii [7] also observed an indefinite diuresis after introducing fluid into the small intestine of 
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patients with a jejunostomy and V. F, Lysov [8] observed the same effect following a water load introduced 
through a fistula of the large intestine. 


This study allows us to conclude that the reduced diuresis following water introduced rectally is due to 
the absence of stimulation of the normal receptive field concerned in reflex diuretic stimulation, 


The results may have some practical importance, For example, when it becomes necessary to introduce 
fluid into the body, it is better to do so rectally, whereas in order to stimulate a powerful diuresis it should be 
given by mouth. 


SUMMARY 


Water given rectally to dogs with ureteric fistulae caused a much smaller diuresis than when the same 
quantity of fluid was given by mouth, Reabsorption was also decreased but to a smaller extent, while filtration 
remained unaltered. The hydremic reaction did not run parallel to diuresis whichever way the fluid was taken. 
The results obtained confirm the importance in water diuresis of reflex stimuli originating in the upper parts 
of the digestive tract. 
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In a previous investigation [9] we showed that the degree of manifestation of a radiation injury of the 
kidneys and its localization are determined by the magnitude and character of the functional load on the nephrons 
at the moment of irradiation. An increase in the renal function during the period of exposure to ionizing radia- 
tion causes the radiation lesion to be localized mainly in the parenchyma of the kidney. The strict regularity of 
this relationship is firm evidence that the state of increased function intensifies the degree of manifestation of 
radiation injury to an organ, These observations enabled us to employ the same experimental model, with slight 
variation of the experimental conditions, in order to attempt to solve certain problems of the pathogenesis of 
radiation sickness, We wished to find out whether the character of the course of radiation sickness is determined 
during the actual period of exposure to the radiation or whether the “after-action” period is of decisive importance. 
It was a working hypothesis in the investigation that, if a functional loading of the kidneys, applied in the period 
of development of radiation sickness, produces a more severe radiation injury of the nephrons, this is proof of the 
greater importance of the period of establishment of radiation sickness, In the event of the converse results of the 
investigations —- absence of increased severity of injury to the renal parenchyma -— it could be considered that the 

_ degree of structural change of the organ and the character of the course of the disease are determined purely by 

the direct action of ionizing radiation on the animal body, 


METHOD 


The investigations were conducted on sexually mature C57 pure line mice, weighing 22-28 g, About 350 
animals of both sexes were under observation, For single whole-body irradiation of the mice we used an RUM-3 
apparatus under the following conditions; voltage 180 kv, current 10 ma, filter 0.5 mm Cu + 1 mm Al, dose 

rate 45-48 r/min, focus distance 30 cm, dose 1400 r (measured in the air with a GRI dosimeter), During irradi- 
ation each mouse was placed in a separate cardboard box, measuring 7 x 5 xX 4cm, The experimental and 
control animals were irradiated simultaneously, On the first, second and third days after irradiation the ex- 
perimental animals received intraperitoneal injections of euphyllin, The size of each dose of euphyllin (1,2 mg 
of the standard preparation in ampules, in 1 ml water) was determined experimentally; it produced increased 
diuresis without causing morphological changes in the renal parenchyma, We measured accurately the survival 
period of the experimental and control animals after irradiation; we made macro- and microscopic studies of the 
material, using various histological methods for this purpose. 


- 
< 
| 
& 
é 
a 
ee 
eh 
1125 


—— Experimental 
Control 


Number of animals 


§ 
Time of death (in days) 


Fig. 1. Duration of life of experimental and 

control animals. Fig. 2. The congested glomeruli retain the structure 
of the vascular network, Photomicrograph. Ocular 
12x, objective 45x. Stained with eosin-hematoxylin, 


RESULTS 


All the experimental and control animals died 
from radiation sickness, but there were certain differences 
in the duration of its course and in the severity of the 
morphological changes in the kidneys. The survival 
period of the control animals varied from 3 to 9 days; 
their mean duration of life was 4.354 0,43 days. Con- 
siderable uniformity of the experimental material was 
found; in the great majority of cases the mice died 
on the third day. This can be seen clearly in the dia- 
gram, which is characterized by a single sharp fall on 
the curve (Fig. 1). Death of the experimental animals 
took place between the third and 16th days, although 
in one case, which we excluded from the statistical 
treatment of the results, death was observed even 30 
days after irradiation, The mean duration of survival of the experimental animals was 6,84 0.66 days. This 
group of cases showed considerable variation in the survival period of the mice, giving a drawn-out curve with 
many peaks (see Fig, 1), It must be emphasized that in almost every case the duration of survival of the animals 
receiving euphyllin was longer than that of the control animals, The only exception was one case in which the 
control mouse lived longer than the experimental mouse and no radiation injury was present in the kidneys, 


Fig. 3, Enlargement of the glomerulus and increase in 
number of its nuclei, Photomicrograph, Ocular 12x, 
objective 45x. Stained with eosin-hematoxylin. 


The macrosopic material was characterized by great constancy of the morphological changes, which were 
typical of acute radiation sickness, Emaciation was always marked, more so when the survival period of the 
animals was prolonged, and was accompanied by a hemorrhagic diathesis and atrophy of the hemopoietic tissue. 
If the mice died early the predominant changes were those typical of radiation injury in the intestine, 


In the experiment on mice receiving the diuretic after irradiation, in the great majority of cases (98%) 
the typical morphological changes of radiation injury were absent from the renal parenchyma, When the animals 
died at an early period (between 3 and 5 days) the glomeruli were distinguished by severe congestion; their 
vascular network retained its clear pattern, and the endothelium was well defined (Fig. 2). The structure of the 
tubules remained unchanged. With a longer period of survival of the mice after irradiation (over 6 days) large 
tubules with a high proportion of nuclei were often seen (Fig. 3). The mean diameter of the tubules in the ex- 
perimental animals was 5341.7H and in the controls 4941.6. Many nuclei of the enlarged tubules showed 
hyperchromatosis and were of a considerable size, The epithelial portions of the nephrons retained their usual 
structure. In three cases radiation injury of the kidneys was also observed in the group of experimental animals; 
its morphological picture was restricted, however, to a slight swelling and basophilia of the walls of the vascula: 
network of the glomeruli and to signs of necrobiosis in the individual nuclei. Identical changes could also be seen 
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in certain arterioles of the interstitial tissue of the kidneys, Foci of necrobiosis were present in the epithelium of 
the main divisions of the tubules, 


In all but one of the control animals (0.7%) the typical picture of radiation injury was seen, The walls of 
the arterioles of the renal glomeruli and interstitial tissue were very swollen, homogeneous and basophilic. In x 
many vessels the endothelium was in a state of necrobiosis. In the epithelium of the tubules there were marked 
dystrophic changes, turning into necrosis. In some cases the lumen of the tubules contained numerous cylinders, 
Small hemorrhages were often present, 


In order not to overload the articles with factual matter, we shall state only that identical results were ob- 
tained in experiments in which caffeine was used as the diuretic, The administration of mercusal (a mercurial 
diuretic) to irradiated animals led to an obvious shortening of their period of survival and greatly increased the 
morphological signs of radiation injury to the kidneys. The observations are in full agreement with the pharma- 
cological data that mercusal may only be used in the absence of kidney disease [1], otherwise the toxic diuretic 
will only aggravate the pathological changes in the organ. 


The results of our experiments were thus somewhat unexpected, and in some ways did not correspond to the 
original idea of the investigation. The increased functional load on the kidneys after irradiation brought about 
a statistically significant (t = 3.175) lengthening of the period of survival of the irradiated animals and almost 
abolished the morphological changes in the renal parenchyma, The prolongation of the course of the radiation 
sickness was accompanied by a change in its morphology. The bulk of the control animals showed the “intestinal® 
form of radiation sickness, which, according to the literature [7, 9, 10, 11], is characteristic of the action of 
massive doses of ionizing radiation. In the experimental animals other forms of manifestation of radiation sick- 
ness predominated, the main localization of the typical morphological changes being in other organ systems, 
primarily in the hemopoietic tissue, In other words, in these cases the character of the morphological signs of 
the disease corresponded to the usual pattern of injury resulting from exposure to much smaller doses of irradiation. 
In these experimental conditions, therefore, the administration of diuretics caused some decrease in the severity 
of the manifestations of radiation sickness. 


Comparison between these facts and the results of previous investigations shows, in our opinion, that the 
direct, injurious action of ionizing radiation is of great importance in the pathogenesis of radiation sickness, At 
the same time, however, it is impossible to ignore the role of the “after-action", an important element of which 
is evidently the toxic products of tissue destruction. The excretion of these “toxic factors” [4, 5, 6, 8] by the 
kidneys, functioning at a higher level of intensity, was also probably responsible for the sufficiently demonstrative 
results of these various investigations. 


Our observations differ from the results of work carried out in S, S. Vail'’s laboratory [2, 3]. In these investi- 
gations an increase in the severity of the radiation pathology was observed when the function of the heart and 
gastro-intestinal tract was loaded after irradiation of the animals. The obtaining of contrary results from similar 
experiments evidently depends on essential differences in the character of the function of the organ system studied, 
The favorable influence of increased work of the excretory organ on the course of radiation sickness illustrates 
well the role of toxic substances in the pathogenesis of the disease, It can be concluded from this observation 
that the course of radiation sickness may be actively influenced, in the sense of decreasing the severity of its a 
manifestations, by the repeated administration of diuretics acting upon the vascular elements of the nephrons, 


SUMMARY 


An attempt was made to study the effect of increased diuresis, induced following irradiation, upon the 
morphology of the kidneys. Euphyllin was repeatedly administered to mice of the C57 lineage following general 
irradiation (apparatus RUM-3, voltage - 180 kv, current -10 ma, filter— 0.5 mm Cu+ 1 mm Al, intensity— 45-48 
r/m, dose- 1,400 r), Euphyllin administration considerably prolonged the animals’ life span and protected the 
kidneys from radiation injury, The effect of a diuretic is regarded by the authors as being due to the excretion 
of the toxic products of tissue disintegration (appearing as a result of the action of ionizing radiation), 
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EXPERIMENTAL CHOLESTEROL ATHEROSCLEROSIS IN DOGS 
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In the experimental study of atherosclerosis during the past few decades, many experiments have been 
undertaken to produce atherosclerosis by N. N. Anichkov’s method, by means of the prolonged feeding of 
cholesterol to rabbits and fowls. Recently experimental atherosclerosis has also been produced in dogs [1-8]. 
According to existing evidence, this last model resembles human atherosclerosis closest in the character and 
localization of the morphological changes in the cardiovascular system. In dogs, even in the earliest stages of 
development of cholesterol atherosclerosis, the coronary arteries of the heart and the vessles of the base of the S 
brain are involved, i.e., those portions of the cardiovascular system which suffer most often in atherosclerosis in 


man, 


The present work is devoted to the study of certain problems of the clinical physiology of atherosclerosis 
in experiments on dogs, 


METHODS 


Most authors [1-3, 5-8] have produced experimental atherosclerosis by the enteral administration to dogs 
of a solution of cholesterol in fat or ether, together with methylthiouracil. As a preliminary step, 2-3 months 
before receiving the cholesterol, the dogs were given methylthiouracil in order to suppress thyroid gland function 
and thereby to lower their basal metabolism, since otherwise atherosclerosis does not develop in dogs. The thyroid- 
dectomy which is sometimes performed for this purpose is not always effective, for dogs often have accessory lobes 
of the thyroid gland. 


In our work we used T. A, Sinitsyna's method [4], by means of which marked atherosclerosis may be ob- 
tained in a shorter time and without the preliminary administration of methylthiouracil alone, To ten male 
dogs, 3-4 years old and weighing from 16 to 22 kg, we gave a 20% solution of cholesterol in sunflower oil 
enterally for 120 days in a daily dose of 1 g cholesterol per kg body weight. Simultaneously with the cholesterol, 
for 60 days the dogs were given 1.5 g and, for the next 60 days, 1.0 g of 6-methylthiouracil, After the administra- 
tion of cholesterol and of 6-methylthiouracil had been discontinued, the animals remained under observation for 
not less than one month, Two dogs which received 1.5 g 6-methylthiouracil daily, enterally, for 90 days acted 
as controls. During the first 60 days the dogs received the cholesterol solution and the 6-methylthiouracil in 
200 g of boiled, minced meat. At the end of this period the majority of animals began to refuse this mixture and 
we had to give the same doses of cholesterol and 6-methylthiouracil forcibly, The experimenter opened the dog's 
mouth and his assistant dropped the cholesterol solution inside, without the use of a tube, after which the weight 
sample of 6-methylthiouracil was introduced far back into the mouth and the animal was given meat. 
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iq cholesterol 


methylthiouracil 


2 Fig. 1. Blood cholesterol concentration in dog No. 8. a) Initial concentra- 

a tion (mean of two determinations in the course of a month); I-VI) cholesterol 
- concentration during feeding with cholesterol (1 g/kg body weight) and 6- 
methylcholesterol, by months; b) cholesterol concentration one month after 
cessation of feeding. 


RESULTS 


A few weeks after the beginning of the experiment the dogs became lethargic and made no playful move- 
ments, Some dogs grew thin and weak, and it was necessary to reduce their dose of 6-methylthiouracil or to 
discontinue it completely for 7-14 days. In the dogs of the control group there were no pronounced signs of 
hypothyroidism, The weight of the animals changed appreciably. In five dogs it rose at the end of the experi- 
q ment by 2-5 kg, and in dog No. 8 it rose by as much as 10 kg, In three animals at first it rose by 1-2 kg, and 
7 then, as signs of hypothyroidism developed, it fell to 1.5-4 kg below the initial weight. The control dogs gained 
, 1-2 kg in weight. One month after the cessation of administration of cholesterol and 6-methylthiouracil, the 
_ 4 weight of the experimental animals almost returned to its initial value, The overloading with exogeneous 
- & cholesterol in conjunction with 6-methylthiouracil evidently caused considerable disturbance of the metabolic 
processes of the animal, more so than the administration of 6-methylthiouracil alone, 


The blood cholesterol concentration was determined regularly, not less often than once every 3 weeks, in 
all the animals by Grigaud's method. Blood for the determination was taken from a vein in the region of the 
springing joint, always before the dogs had taken food, cholesterol and 6-methylthiouracil. The initial con- 
centration of cholesterol in the blood varied in the experimental animals from 120 to 160 mg%, and rose in the 
course of the experiment on the average six- or eight-fold. The maximum blood cholesterol concentration in 
one dog reached 1200 mg% (Fig. 1). In the control dogs the blood cholesterol increased by 50-100%, In Fig. 1 
a fall may be seen in the alimentary hypercholesteremia, taking place in the majority of dogs after 2-3 months 
of continuous administration of cholesterol and 6-methylthiouracil. This fact is evidently associated with the 
mobilization of the defensive and compensatory mechanisms of the body. 


In all the dogs in the period of preliminary investigation, under ether and chloroform anesthesia, we 
exteriorized the left common carotid artery in a skin flap for measurement of the blood pressure and registration 
of the pulse wave. We measured the maximum arterial pressure by a palpatory method using a small rubber 
cuff, connected to a sphygmomanometer. The blood pressure was measured regularly at the same time of morn- 

‘ ing in a conditioned reflex chamber, before and after physical exertion in each experiment. During this procedure 
4 the dogs lay quietly on the bench without being strapped. The measurements began 1-3 months before the begin- 
a ning of the experiment and continued for not less than a month after cessation of feeding. The maximum arterial 
blood pressure varied quite sharply from experiment to experiment; no animal in either the experimental or con- 
trol group showed a persistent increase in the pressure, The reaction of the blood pressure to moderate physical 
exertion (running on an electrical moving belt for 5 minutes, with the belt moving at a velocity of 6.5 km/hr) 
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Fig. 3, Atherosclerosis of the arteries of the 
base of the brain and of the vertebral artery 


aked-eye specimen), 
Fig. 2. Atherosclerosis of the branches of the 


coronary arteries of the heart (naked--ye specimen), differed in the dogs of the control and experimental 
groups, In the dogs of the control group the blood 
pressure after running on the moving belt usually fell slightly, and the heart rate showed hardly an increase, In 
the dogs of the experimental group after physical exertion the maximum arterial blood pressure rose moderately oy 
and the heart rate increased, It is evident that the adaptive reaction of the cardiovascular system to physical 
exertion follow a different course in healthy dogs and in dogs suffereing from atherosclerosis, In the healthy dog, 
in response to physical exertion the blood vessels dilate, especially the vessles of the working muscles. As a re- 
sult, the peripheral resistance to the blood flow is diminished and the blood pressure falls slightly. In the dogs of 
the experimental group, with blood vessels affected by atherosclerosis, the functional and adaptive dilatation of 
the vessles in response to work is evidently inadequate and the next link in the adaptive reaction is brought into 
action— tachycardia and an increase in the arterial pressure, increasing the minute volume and ensuring an 
adequate blood supply during work. 


Other authors [1, 2] have also drawn attention to the considerable lability of the blood pressure in dogs 
throughout the period of experiments. 


One month after the end of the experiment the animals were sacrificed and subjected to pathologo- 
anatomical and histological examination, Investigation of the internal organs, vessels and brain of all the dogs 
receiving cholesterol and 6-methylthiouracil showed widespread changes in the vessel walls in the form of athero- 
sclerotic plaques, present in various stages of development (from stains, hardly raised above the surface of the 
intima, to large formations deforming the vessel). 


The largest number of plaques was found in the arteries of medium and small caliber, and also in the 
larger arteries, especially the carotid and femoral, the arteries of the base of the brain and the branches of the 
coronary arteries of the heart (Figs. 2 and 3). 


No formed plaques were found in the wall of the aorta, but the intima of the aorta was slightly yellowish 
in places, These changes in the vessel walls were present to the most marked degree in dog No. 8, and were 
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comparatively slight in dog No. 7, Considerable accumulation of fat was observed in the liver, The medullary 
substance of the kidneys was greyish-yellow in color. 


Microscopic investigation revealed marked lipoidosis of the internal organs. A large quantity of fat was 
found in the liver (in the parenchymatous and Kupffer cells), in the spleen (lipoidosis of the red pulp) and in the 
kidneys (the tubular epithelium), In the brain a small quantity of fat was present in certain cells in the capillary 
walls, In the wall of the aorta, in spite of the absence of gross macroscopic signs of disease, extensive foci of 
fatty infiltration were observed, The same diffuse fatty infiltration, together with macroscopically visible 
plaques, also took place in arteries of large and medium caliber, 


In the dogs of the control group no changes were found in the cardiovascular system, The thyroid glands 
of both groups of dogs had the typical microscopic structure following administration of 6-methylthiouracil, Our 
experiments showed no clear parallel between the magnitude of the hypercholesteremia, the change in weight 
and the degree of the anatomical lesions of the vessels due to atherosclerosis, 


Only in one dog was a combination of maximum blood cholesterol concentration, maximum growth in 
weight and most pronounced and widespread atherosclerotic changes in the cardiovascular system found to be 
present. 


SUMMARY 


No direct relationship existed (except in one case) between the weight gain, blood cholesterol content and 
the degree of morphological changes developing in the cardiovascular system of cholesterol and 6-methylthiourcil 
fed dogs, The localization and character of morphological changes in the cardiovascular system of dogs with 
experimentally induced atherosclerosis are similar to those in human atherosclerosis. The blood pressure in 
healthy dogs does not increase in response to moderate physical exertion; this is evidently due to reduction of 
the peripheral resistance as a result of adjustive dilation of the vessels. 


The blood pressure in atherosclerotic dogs showed a slight rise in response to moderate physical exertion 
with concurrent tachycardia, 
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Mechanical trauma is often followed by fat embolism. I. V. Davydovskii [4], for instance, states that an 
“aclinical” form of fat embolism is an almost constant background of any injury, whether a surgical operation 
or a war wound, 


In fat embolism considerable lesions of the heart are often present, These may be revealed, in particular, 
by the electrocardiographic changes observed in fat embolism, the origin of which is associated by some authorities 
[13] with reflex spasm of the coronary arteries. The brilliant research of S, A. Vinogradov [3] has confirmed the 
fact that there is oxygen lackinthe myocardium in fat embolism, These changes in the myocardium may be 
associated with disturbance of the coronary blood flow. Nevertheless, in the accessible literature we found no 


information regarding the role of the Thebesian vessels in trauma or the possiblity of fat embolism of these 
vessels, 


In the present investigation our aim was to reproduce experimentally the entry of fat and ink from the right 
ventricle of the heart into the myocardium along the Thebesian vessels, 


Experiments were carried out on ten dogs, weighing from 9.5 to 24 kg. In order to reproduce embolism 
we used fat and Chinese ink. The animals were anethetized with morphine and urethane, and an artificial 
respiration machine was used in the experiments, A cannula with a rubber tube leading to a flask was inserted 
into the left pulmonary artery, The right pulmonary artery was ligated. This was necessary in order to exclude 
the lesser circulation and to prevent any possibility of the passage of emboli through the orifice of the coronary 
arteries and the left ventricular vessels of Thebesius, Variants of this method were widely used in the well-known 
investigations of Pratt [12], Wiggers [15], and other authors. We injected either sunflower oil, heated to 38°, or 
Chinese ink, diluted with Lokce's solution, into the external jugular vein. The duration of contraction of the 
heart from the beginning to the injection of sunflower oil and Chinese ink was from 20 seconds to 7 minutes 
(the experiments were conducted in the Department of Normal Physiology), The dogs’ hearts were removed from 
the thorax and fixed in a 10-15% solution of formalin, The weight of the heart, when full of oil or ink, varied 
from 180 to 300 g. The thickness of the wall of the right ventricle was 3-7 mm, and that of the left— 14-17 mm, 
Numerous orifices of the Thebesian vessels were found in the endocardium on the left and right ventricles, From 
the hearts,33 pieces were excised for histological examination, in the endocardium of which Thebesian vessels 
were found, In this way we investigated areas of the efferent and afferent tracts, the region of the apex and the 
interventricular septum of the right ventricle. Several pieces of heart tissue were taken from the left ventricle. 
In this way serial sections were prepared for histological investigation. The sections were stained with hematoxylin, 
eosin, picrofuchsin, elastin and Sudan III. 


*Given at a meeting of the Riga Society of Pathologoanatomists, September 20, 1957, 
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Fig. 1. Ink in the region of the orifice of a right ventricular Thebesian 
vessel, Ocular 7x, objective 20x, Stained with hematoxylin and eosin, 


RESULTS 


The experimental results are given in the Table, from which it can be seen that some relationship exists 
between the depth of penetration of the emboli along the right ventricular Thebesian vessles and the duration 
and strength of the contraction of the heart. In experiment No, 6, for instance, with weak cardiac contractions 
lasting 20 seconds, no emboli were found in the right ventricular Thebesian vessels, In experiments Nos, 1 and 
2, with cardiac contractions lasting 30 seconds, emboli were found only in the region of the orifices and in the 
subendocardial sinusoids. In experiment No, 5, with energetic contractions of the heart lasting 4 minutes after 
the beginning of the experiment, emboli were found in the Thebesian vessels in the whole thickness of the right 
ventricular myocardium and in the right ventricular capillaries, arteries, arterioles and veins, 


On microscopic investigation hemorrhagic foci and areas of fragmentation in the form of numerous trans- 
verse ruptures of the myocardium, affecting from two to eight muscle fibers, were found, The edges of the tears 
were uneven and displaced. In some sections Thebesian vessels were found opening out on to the endocardium 
of the centricules. According to work done in the Department and to our personal observations, the Thebesian 
vessels of the right ventricle are constructed in the manner of sinusoids, The latter were lined with endothelium, 
situated on a fine, barely perceptible underlying layer of elastic and collagen fibers, In the lumen of the right 
ventricular sinusoids were found erythrocytes, fat droplets and ink, We found both fat and ink in the region of the 
orifices of the sinusoids, in the subendocardial and more deeply situated sinusoids, and also in the arteries and 
veins of the myocardium (Fig. 1). 


The histological sections thus gvave evidence of the presence of emboli not only in the orifices of the 
Thebesian vessels, but also in their deep branches and also in the arteries and veins of the myocardium. 


It must be pointed out that there is a vast literature on the subject of embolism of the vessles of the heart. 
In particular, the vascular disturbances of the myocardium in cases of coronary embolism have been widely dis- 
cussed in the classical textbooks and in articles in the current journals [10], Nevertheless, in the accessible 
literature we found no description of embolism of the Thebesian vessels. 


Our experiments to reproduce embolism of the Thebesian vessels of the right ventricle may widen our 
ideas of the circulation of the blood in the myocardium itself. 


The experiments have demonstrated the possibility of access of blood from the right ventricle into the 
thickness of the myocardium, We account for embolism of the arteries and veins by the presence of anastomoses 
between the Thebesian vessels and the arteries and veins of the myocardium, which have been described by 
several authors [5, 6, 8, 11, 14}. 
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Fig. 2. Fat emboli in the lumen of the right ventricular Thebesian vessels, 
Ocular 15x, objective 8x. Stained with Sudan III. 


sel 


Fig. 3. In the region of the orifice and the subendocardial ramifica- 
tion of a right verticular Thebesian vessel there are fat droplests, 
Ocular 6x, objective 7x. Stained with Sudan III, 


We therefore consider that the hemorrhagic foci and the areas of fragmentation of the myocardium may 
be associated with ambolism of the branches of the coronary system, which the emoli reach along the Thebesian 
vessels of the right ventricle. 


A similar possibility of fat embolism may occur in clinical practice in cases of trauma. 


We have made detailed studies of two cases of death from acute trauma in which we found fat embolism of 
the Thebesian vessels of the right ventricle in human subjects (Figs. 2 and 3), 


In both the experiments and the cases of trauma in man, with fat embolism of the Thebesian vessels of the 
right ventricle we observed foci of dystrophy and necrosis of the myocardium, These changes are in agreement 
with the descriptions given by various authors working on the subject of fat embolism, In particular, I. V. Davy- 
dovskii [4] states that cardiac failure occupies an important place as a cause of death in fat embolism. 


Functional changes in the heart in fat embolism have been recorded by clinicians by means of electro- 
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cardiography. The morphological changes under these same circumstances consist of hemorrhages beneath the 
endocardium along the course of the conducting system of the heart, and of fatty dystrophy of the muscle fibers 
{7}. In cases of fat embolism, S. A. Vinogradov [3] describes interstitial and perivascular edema, disappearance 
of the cross-striation of the muscle fibers, breaking up of their protoplasm into clumps, and small and extensive 
foci of necrosis, Side by side with these changes, a cellular reaction and sclerosis of'the stroma were seen, 


The pathogenesis of the changes described in the heart in fat embolism has been interpreted in various ways, 
Scherf and Schdnbrunner [13] and others, for instance, explain them by reflex spasm of the coronary arteries, 
S. A. Vinogradov [3] associates the changes in the myocardium with discoordination between the work of the heart 
and its oxygen supply. A. I. Abrikosov [1], K. D. Eristavi [9] and others believe it possible that a direct obstruc- 
tion of the branches of the coronary vessels with fat emboli lies at the basis of the changes in the myocardium, 


From our point of view, in the interpretation of the microscopic changes in the myocardium associated 
with general trauma, it is essential to take account of the possibility of fat embolism of the coronary vessels of 
the heart and of the systern of the Thebesian vessels. 


SUMMARY 


Embolism of the right ventricular Thebesian vessels was induced with fat and China ink in experiments on 
10 dogs with the pulmonary circulation excluded. Thebesian vessels of the right ventricle were investigated in 
2 patients, dying of trauma. Microscopic investigation of cardiac tissues in experimental and clinical conditions 
has demonstrated the presence of emboli in Thebesian vessels throughout the whole myocardium of the right 
ventricle, its capillaries, arteries, arterioles, and veins, These data point to the possibility of the blood from 
the right ventricle to enter the myocardium. One may, therefore, associate the presence of hemorrhagic foci 
and areas of myocardial fragmentation with embolism of the branches of the coronary system, where the emboli 
pass through the Thebesian vessels of the right ventricle. 
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THE PROGRESS OF DYSTROPHIC CHANGES WITHIN THE NERVOUS 
SYSTEM (AS SHOWN BY VITAL STAINING) 
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The study of the mechanisms of development of a nervous dystrophy in association with various forms of 
injury to the nervous system is of great importance for the analysis of the pathogenesis of many diseases and 
manifestations of compensatory reactions of the body, aimed at restoration of the deranged functions, 


From a large volume of factual evidence, A. D, Speranskii [5) discovered a series of laws governing the 
character and the stages of development of a nervous dystrophic process in the periphetal tissues; at the same 
time he directed attention to the changes arising under these conditions in the various divisions of the nervous 
system itself, 


The progress of dystrophic changes within the nervous system [5] has been the subject of detailed neuro- 
histological investigations of the peripheral and central division of the nervous system, Work by B, S. Doinikov 
[3], M. L. Borovskii [2] and their co-workers has revealed both specialized and regular forms of lesion in the 
various nerve formations, 


In summing up these findings, A. D. Speranskii [5] concluded that specialized and standard forms of dystrophic 
changes could take place in the nervous system, He emphasized the necessity of taking into consideration not only 
the properties of the pathogenic stimulus, but also the properties of the pathogenic stimulus in changing the state 
of the tissue by a reflex means, This is shown by the fact that the histopathological changes developing in the 
nervous system itself are not continuous in character and may be localized beyond the bounds of the segment in 
which the nervous trauma has been applied. In Speranskii's words [5], the pathological process “leap-frogged" 
over extensive and entire regions of the nervous system, 


Of particular importance were experimental findings showing the asymmetrical character of the lesions in 
the various nerve formations, both in the same segment and in the more remote areas of the nervous system, In 
some cases the lesions of the nerve cells were more severe not on the injured but on the contralateral side, These 
and other facts of a similar character, and also the analysis of the qualitative and quantitative forms and variants 
of development of dystrophic changes within the nervous system, demonstrated the necessity of taking into con- 
sideration here not only the direct action of the pathogenic stimuli, but also the action of pathogenic stimuli 
operating through the nervous system, 


Because the special features of the development and localization of dystrophic changes in the nervous 
system may shed light on certain aspects of the pathogenesis of many diseases and on the forms of the com- 
pensatory mechanisms of a protective and adaptive character brought into play under those circumstances, many 
authorities have sought suitable approaches to the investigation of these processes, paying great attention to the 
technique of their detection and study. 
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Changes in the vital staining power of the spinal cord (a), the brain stem (b), the 
cerebellum (c) and the cerebral hemispheres (d) of white rats after trauma to the 
left sciatic nerve. I) Content of dye in the tissues 1 hr after injection (sorption); 
Il) Content of dye in the tissues 2.5 hr after injection (residue); III) ratio of 
sorption to residue (trophic potential). 


From our previous work [1, 4] devoted to the investigation of the state of muscle tissue after trauma to the 
sciatic nerve, as shown by vital staining, we came to the conclusion that a close connection exists between pro- 
cesses of paranecrosis and processes of a neurodystrophic character. The phenomena of paranecrosis, expressing 
changes in the physico-chemical state of the protein substrate of the tissues in response to the action of the most 
widely differing stimuli in the environment, also reflect those changes in the tissues which are the result of the 
developing neurodystrophic process, underlying which are metabolic changes of varying severity. 


In the present work we set out to use the method of vital staining to detect physico-chemical changes in 
the various divisions of the nervous system in connection with the development of dystrophic changes, 
METHOD 


The investigations were carried out on white rats weighing 130-150 g. In order to study the development of 
dystrophic changes within the nervous system, in these animals the sciatic nerve was divided and its central end 
was fixed with 0.02-0.05 ml of a 2% formalin solution, After 3, 7, and 14 days the animals were given an intra- 
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Changes in the Values of the Ratio of the Content of Neutral Red in the Tissues of the Left 
Side to its Content in the Tissues of the Right Side as a Result of Trauma to the Left 
Sciatic Nerve 


_ Normal 3rd day Tth day 14th day 


Divisions of the central nervous 
system 


Cerebral hemispheres 
Crebellum 

Brain stem 

Spinal cord 


*a) Ratio of dye content in tissues of left side to dye content in tissues of right side 
according to accumulation indices; b) ratio of dye content in tissues of left side to 
dye content in tissues of right side according to dye residue indices, 


venous injection (into the saphenous vein) of a 1% solution of neutral red in Ringer's solution (without NaHCOs) 

in a dose of 0,1 m1/30 g body weight, i.e., of 0.033 mg/g body weight of the dry stain. So that the degree of 
vital staining of the various divisions of the central nervous system (spinal cord, brain stem with the mesence- 
phalon and diencephalon, cerebellum and cerebral hemispheres) could be estimated, on these days the animals 
were decapitated one hour after injection of the dye (in order to ascertain its degree of fixation) and 2.5 hours 
after injection (in order to ascertain the degree of excretion of the dye), A 1% solution of HCl in 96° ethyl alcohol 
was used for elution of the dye. 


All the nerve formations were divided by a longitudinal incision into right and left halves, Weighed samples 
were taken and placed in the above solution for 24 hours, after which the quantity of vital dye was determined by 
colorimetry (with the FEK-M colorimeter), The dye content was calculated per gram body weight and expressed 
in pg. The results obtained were compared with those obtained in control animals. 


The values of the fixation and excretion of the dye and the ratio between these values were used as indices 
of the degree of change in the nerve formations, 


By this approach it is possible to determine not only the degree of damage to each particular nerve form- 
ation, but also their capacity to restore their original condition, These indices thus make it possible to ascertain 
the trophic state of the tissue, which may be defined quantitatively by the ratio between the values of the excre- 
tion and accumulation of the dye, expressed as a percentage. We also took into account the coefficients of 
asymmetry, i.e,, the ratios between the values of accumulation and excretion of dye by the tissues of the injured 
side and the corresponding indices on the contralateral side, This coefficient enabled us to determine the degree 
of variation in the staining of the tissues of anatomically symmetrical areas at different levels of the central 
nervous system, 


The values of accumulation and excretion of neutral red by the tissues of the control animals were 
characterized by insignificant individual variations (within limits of a few micrograms), An even smaller dif- 
ference was observed between these values in the symmetrical areas of different divisions of the central nervous 
system of the same animal. In the experimental animals we took into consideration only those differences which 
were outside the limits of the variations found in the control animals. 


RESULTS 


In 15 operated animals (5 for each period) we studied the index of fixation of the vital dye, and in another 
15 operated animals (also 5 for each period)— the index of excretion of the dye, Twenty rats (10 in each group) 
were used for determination of these indices in normal animals, 


The results obtained are shown in the diagrams (see Figure, a, b, c, d). Analysis of the diagrams shows that 
along the path of development of the dystrophic changes in the central nervous system, significant changes were 
observed in the capacity to accumulate and to excrete the vital dye, The progress ofthe neurodystrophic process 
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was characterized above all by asymmetry in the accumulation and excretion of the dye, and hence by asymmetry 
in the trophic potential of the divisions of the central nervous system that were investigated (by the term “trophic 
potential® is understood the capacity of the tissue to normalize its physico-chemical state, which may be expressed 
by the ratio between the value of the accumulation of dye and the value of its excretion), It may be seen from 
the diagrams that in every case there was asymmetry in the accumulation of excretion of dye, The degree of 
asymmetry and its trend (towards increase or decrease) were different on the injured and contralateral sides, 
Asymmetry of these indices could also be observed at different periods of development of the dystrophic process, 
The actual values of this asymmetry are given in the Table, 


The obvious asymmetry in the indices of accumulation and excretion of the dye (in all the investigated 
divisions of the central nervous system) is evidence of a reflex mechanism in its production, and the magnitudes 
of the corresponding changes express the quantitative aspect of the modified reactive power of the substrate under 
study. 


After the application of trauma to the nerve, asymmetry of the trophic potential was also observed in 
nearly all cases (the ratio of the accumulation of the dye to its residual content in the tissues), which indicates 
that relationships are being formed between the processes of alteration and compensatory, restorative processes 
along the path of spread of the dystrophic changes within the nervous system, 


It may be seen from the diagram (see Figure, a) that in spite of considerable changes in the accumulation 
and excretion of the vital dye, at nearly all periods the spinal cord maintained its trophic potential on the side 
of injury at the same level, whereas on the contralateral side this index was obviously increased on the 14th day, 
to several times its normal value, The tendency of the nerve tissue of the spinal cord to rid itself rapidly of the 
unwanted dye suggests the bringing into play of protective, compensatory mechanisms, 


The fact that the trophic potential was maintained at the same level, despite the changes in the absolute 
values of accumulation and excretion of the dye, demonstrates the plastic functions of the nervous system, per- 
mitting the initial functional state to be maintained notwithstanding the action of the pathogenic stimulus, 


In the second diagram (see Figure, b) it may be seen that the trophic potential of the brain stem fell much 
lower on the side of injury than on the contralateral side, and that this was due mainly to disturbance of the 
function of excretion of the dye. 


As regards the cerebellum (see Figure, c) the opposite behavior was found ~ the trophic potential fell 
sharply on the contralateral side but increased considerably on the side of injury, and fell below normal only 
on the 14th day after division and fixation of the left sciatic nerve. This increase in the potential took place as 
a result of both a diminution in accumulation of the dye and an increase in its excretion, 


The study of the dynamics of the trophic potential of the cerebral hemispheres showed (see Figure, d) that 
on the contralateral side (in relation to the injury to the sciatic nerve) this integral index was relatively stable, 
whereas on the injured side it increased considerably. In other words, the cerebral hemispheres not only com- 
pensated for the developing pathological process until the 14th day after injury to the nerve, but also put into 
action additional protective functions of a plastic character. It must be pointed out that the initial level of the 
trophic potential of the divisions of the central nervous system described above innormal conditions is far higher 
than the level of the trophic potential of the spinal cord, 


As shown by the values of the trophic potential of the individual divisions of the central nervous system, it 
is thus possible to estimate not only the movement of the dystrophic changes within the nervous system but also 
the briging into play of the accompanying processes of a compensatory or restorative character [1]. In our ex- 
periments these processes were followed until the 14th day after injury to the nerve, and in no case did trophic 
ulcers develop, Corresponding to clinical manifestations of compensatory mechanisms, the manifestation of 
these mechanisms could be observed in the various divisions of the nervous system, and, in particular, in the 
cerebral hemispheres, It is important to ascertain in the future how these indices change in the various stages 
of development of tissue dystrophies at the periphery. 


The method which we have developed makes it possible to trace the relationships existing between the 
changes in the central nervous system and processes arising in the corresponding tissues and organs, Analysis of 
these correlated processes may be important for the understanding of the mechanisms of development of systemic 
pathological processes and individual nosclogical forms when pathegenic stimuli of differing nature act upon the 
body. 
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SUMMARY 


Rat tissues were stained with neutral red by introducing the dye into the blood. Both the sorption indices, 
and the ability of the tissues to get rid of the stain were taken into consideration, The ratio of the sorption of the 
dye to excretion was also studied, This ratio was the “trophic potential" of the tissues, since it characterized the 
degree of their compensatory ability. During development of the neurodystrophic process ( caused by division of 
the sciatic nerve and its treatment with 2% formalin solution) asymmetrical changes of the staining indices were 
observed in various portions of the central nervous system (spinal cord, cerebellum, brain stem, cerebral hemi- 
spheres), The asymmetrical development of paranecrotic reactions in the central nervous system points to their 
reflex origin, The results obtained show that the higher poritions of the nervous system possess greater plasticity 
than the lower, as manifested by the maintenance of the initial level of the “trophic potential” and the ability 
to increase it notwithstanding the development of dystrophic processess in the tissues, An close connection is 
inferred to exist between the processes of parabiosis and paranecrosis and trophical disturbances of the nervous 
system. 
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REACTIONS OF THE DECENTRALIZED AND DENERVATED (PRE- 
AND POSTGANGLIONIC) HUMAN PAROTID GLAND TO REFLEX 
STIMULATION, PILOCARPINE, PROSERINE AND ATROPINE 
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(Presented by Active Member AMN SSSR V. V., Parin) 

Translated from Byulleten’ Eksperimental' noi Biologii i Meditsiny, Vol. 50, 
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Original article submitted October 3, 1959 


During the investigation of the secretion of saliva in patients with lesions at various levels in the central 
and peripheral nervous systems, we discovered several types of reaction to cholinergic (cholinomimetic and 
cholinolytic) and anticholinesterase (proserine) agents, and also to unconditioned reflex stimulation. 


METHOD 


We used Krasnogorskii-Yushchenko salivary irrigating capsules, Reflex salivation was studied by means of 


the application of 30 ml of 0.5% citric acid (at the rate of 10 ml per minute), The pilocarpine secretion was 
elicited by the subcutaneous injection of 0.5 ml of 1% pilocarpine, and th proserine secretion by the injection of 
0.5-1.2 ml of a 0.05-0.1% solution of proserine., Atropine was injected subcutaneously in doses of from 0,3 to 

1,2 ml of a 0.1% solution. 


RESULTS 


1. Decentralization (cortical) of the parotid gland arises in hemiplegias of central origin. Since 1933 we 
have investigated about 2000 such cases, On the side of the paralysis there is an increase in the reflex, pilocarpine 
and proserine secretions as a result of the freeing of the bulbar center and humoral automatism from the restrain- 
ing influence of the cerebral hemisphers* (Fig. 1). 


On the side of the lesion, on the other hand, a fall in the reflex, pilocarpine and proserine secretion of 
saliva takes place, After decentralization of the gland, atropine preserves its cholinolytic function, blocking the 
reflex and humoral secretion of both glands. However, since on the side of the paralysis there is an increase in 
both humoral and reflex secretion, its asymmetry is preserved after atropine too, although atropine depresses to 
a slightly greater degree the secretion of the gland on the same side as the lesion (Table 1), 


2. Bulbar, nuclear decentralization arises in the presence of lesions situated in the region of the pons and 
medulla, when there is depression or suppression of the function of the salivatory centers (over 100 such patients 
investigated), together with an increase in the pilocarpine and proserine secretion (humoral automatism), Atro- 
pine depresses the secretion of both glands but does not correct the asymmetry (Table 2). 


Strictly speaking, in nuclear lesions it is not decentralization of the gland which occurs, but denervation, 
due to interruption of the peripheral neuron or, more correctly, the nucleus of this neuron, In the paralysis 


* In contrast to man, after decortication of one hemisphere in animals there is no asymmetry of secretion to 
humoral stimuli (E. A, Asratyan[1], T. M. Mal'tseva,and I. K. Zhmakin [4]), This fact shows that in man the 
opposite hemisphere fulfils a restraining function in relation to the humoral secretion of the contralateral gland. 
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TABLE 1 
Patient A., Age 52 yr. Right-Sided Hemiparesis after Thrombosis of the Left Middle Cerebral Artery 


Volume of secretion (in ml) 


Date of investigation Character of secretion on the same side | on the side of 
as the lesion the paralysis 


1959 
11/V Reflex secretion 
12/ VI Spontaneous secretion during 15 minutes 
Secretion to proserine (1.2 ml of 0.05% solution) 
19/ Vl Secretion to injection of pilocarpine 
(0.5 ml of a 1% solution) 
21/ Vill Secretion to injection of atropine (0,5 ml of 
a 0.1% solution) with pilocarpine (0,5 ml 
of a 1% solution) 


TABLE 2 


Patient G., Age 50 yr. Thrombosis of the Right Posterior Cerebellar Artery (Wallenberg-Zakharenlo Syndrome) 


Volume of secretion ( in ml) 


Date of investigation Character of secretion on the same side | on the opposite 
as the lesion 


1959 

21/Vl Spontaneous secretion 

21/Vul Reflex secretion 

18/ VI Secretion to proserine (1.5 ml of a 
0.05% solution) 

20/ VIII Secretion to pilocarpine (0.5 ml of a 
1% solution) 

26/ VI Secretion to injection of atropine (0.5 ml of 
a 0.1% solution) with pilocarpine (0,5 ml 
of a 1% solution) 


TABLE 3 


Patient B., Age 31 yr. Trauma to the Base of the Skull, Fracture of the Pyramid on the Left Side, Postganglionic 
Denervation 


Volume of secretion (in ml) 


Date of investigation Character of secretion on the same side jon the intact 
as the lesion 


Spontaneous secretion 

Reflex secretion 

Secretion to pilocarpine (0.5 ml of a 
1% solution) 

Secreation to injection of atropine (1.0 ml of 
0.1% solution) with pilocarpine (0.5 ml) 


Secretion to injection of atropine (1.0 ml of 
a 0.1% solution) 

Secretion to injection of proserine (1 ml of 
a 1% solution) 


1.0 2.5 
4 10,0 15.0 
6.0 8.2 
4 = 
0.0 0,0 
2.1 4,8 
2.7 1.4 
4 
8.2 5.6 
x 
4 
1947 
- 18/VI 0.0 0.0 

3 9.1 1.4 
17/1X 
262.6 3.0 

q 1948 
15/V 
4 236.6 2.0 tg 
1.5 4,2 
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Secretion of 
Total (ml) 


Fig. 1. Changes in secretion of saliva under the influence of injection 
of 0.5 c.c. of pilocarpine, —__—_ Secretion on the right; . - . . - secre- 
tion on the left, Patient Ol'kh-aya N, I. 


s 
Total (ml) 


Secretion of 
saliva (ml) 
S 


Fig. 2. Changes in the secretion of saliva under the influence of injection 
of 0.5 ml of 1% pilocarpine and 0,75 ml of proserine in a dilution of 1: 1000, 
Secretion on the right; . . . , . secretion on the left, 


alternans of Millard-Gubler, Foville, Raymond-Cestan and Babinski-Nageotte (5 or more patients in each group 
were investigated), with lesions of the salivatory nuclei and their tracts, we have a combination of types 1 and 
2, i.e., decentralization on the side of the paralysis and denervation on the side of the lesion, The pilocarpine 
secretion in these cases was increased on the side of denervation (Fig. 2). 


3. Preganglionic denervation arises after interruption of the gustatory-secretory arc in an area beginning 
with the salvatory nucleus and the emerging roots of the glossopharyngeal nerve, then forming the tympanic 
plexus, and continuing further in the form of the nerve of Jacobson and the lesser superficial petrosal nerve to 
the otic ganglion. Denervation usually arises after a fracture of the base of the skull and of the pyramid of the 
temporal bone, Because of the interruption of the reflex arc, reflex secretion is absent or diminished, but later 
the humoral, pilocarpine secretion of saliva is increased. The proserine secretion is preserved as a result of the 
integrity of the postganglionic neuron. Atropine preserves its function of inhibitor of the secretory process, without 
affecting the character of the symmetry. Fourteen patients were investigated, 


4, Postganglionic denervation also occurs after fracture of the base of the skull and of the pyramid of the 
temporal bone at the entry to the fallopian aqueduct, but in those cases in which, as a result of the extent of the 
trauma, the otic ganglion is also affected and the integrity of both the preganglionic and the postganglionic neuron 
is disturbed at the level of the otic ganglion — the secretory branch of the auriculotemporal nerve, Reflex saliva- 
tion is suppressed, the secretion to pilocarpine is increased and that to proserine is diminished, and an atropine 
paradox develops, i,e,, an extraordinarily intensive and prolonged secretion of saliva from the denervated gland 
inresponse to atropine (Table 3), Seven patients were tested, 


We give below a scheme of the relationships appearing in all forms of denervation and decentralization 
(Table 4), 


This scheme may be used for the differential diagnosis of the level of a lesion, especially with damage to 
the pre- and postganglionic neurons, for an indication of any distinctive clinical signs of these lesions is to be 
found in the literature, 


In conclusion we may dwell on the role of proserine as an indicator in the determination of the level of 
denervation. Whereas pilocarpine reveals the presence of humoral automatism in all forms of decentralization 
and denervation, proserine reacts selectively depending on the integrity or disturbance of the pre- and postgangli- 
onic neurons, namely by producing an optimal secretory effect with a lesion of the preganglionic neuron and a 
less marked effect with a lesion of the postganglionic neuron, Proserine thus acts as an indicator of a disturbance 
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Fig. 3. Changes in the secretion of saliva under the 
influence of injection of 0.5 ml of 1% pilocarpine. 

intact gland;.... denervated gland, 
Patient Ves-ov P, K., age 52 yr. 


posite side 
Preserved 


Reaction to atropine 
on the side | on the op- 
Preserved 
Preserved 
Preserved 
Secretion of 
Total (ml) 


Atropine 
paradox 


Increased 
Normal 


of the most distal nerve formations, namely, the 
mechanisms of transmission from the nerve to the 
effector appratus. Pilocarpine-proserine dissociation 

is thus a characteristic sign of a disturbance of neuro- 
glandular synaptic transmission, Pilocarpine-proserine 
dissociation is absent in decentralization and in nuclear 
and preganglionic denervation, 


Proserine secretion 
Decreased 


Decreased 
Increased 


Postganglionic denervation is also accompanied 
by an atropine paradox. 


posite side 
Increased 
Normal 
Normal 
Norinal 


Extreme degress of denervation of the parotid 
gland are thus characterized by suppression of proserine 
secretion and the presence of an extraordinarily in- 
tensive atropine secretion (proserine-atropine dis- 
sociation), 


Pilocarpine secretion 
on the side | on the op- 


Decreased 
Increased 
Increased 
Increased 


It must be considered that proserine has the pre- 
synaptic membrane (i.e,,the acetylcholine depot) as its 
point of application, Pilocarpine preserves its cholino- 
mimetic properties in all forms of denervation, Its 
point of application is the receptive substance of the 
gland cells themselves, Since in normal conditions 
atropine blocks synaptic transmission but at the same 
time does not prevent the secretion of acetylcholine, 
i.e., does not block the presynaptic membrane, its 
point of application must be the postsynaptic structure, 
When this structure is destroyed, from being a paralyzer 
of saliva secretion, atropine becomes a stimulator, 
This part of the chemoreceptive substance of the 
postsynaptic membrane must be recognized, in con- 
trast to a cholinopositive structure, reacting invariably 
to both pilocarpine and to atropine (after denervation) 
by a secretory effect, as a cholinonegative, cholino- 
lytic structure (S, L. Levin [5]). 
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Reflex secretion 
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Sharply 
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Types of reaction 


The development of this accessory cholino- 
negative structure in the process of evolution is the 
basis of the differential reaction to cholinergic anta- 
gonists, 


hemispheres) 
Bulbar nuclear decentralization 


Decentralization (cerebral 
Preganglionic denervation 
Postganglionic denervation 


It should be pointed out that G. Grundfest [2] 
concludes that the chemoreceptive postsynaptic 
structure consists of two parts— exciting and inhibiting. 


Reaction Types of the Decentralized and Denervated Parotid Gland in Man 
Note, In decentralization (1) the opposite side is termed the side of paralysis. 
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Fig. 4. Changes in the secretion of saliva under the influence of the simultan- 
eous injection of 0.5 ml of 1% pilocarpine and 0.75 ml of 1% proserine, 
—— intact gland; denervated gland, Patient Ves-ov P. K., age 52 yr. 


This supports our concept of the dual function of the postsynaptic formations, 


We may thus consider from the foregoing remarks that the points of application of pharmacological agents 
in relation to the synaptic structures may be arranged in the following order: 1) proserine (presynaptic membrane), 
2) atropine (postsynaptic structure) and 3) pilocarpine (acetylcholine)— the chemoreceptive part of the post- 
synaptic structure, in direct contact with the gland cells, 


When the postganglionic neuron is intact, atropine, by interacting with the cholinonegative structure of 
the postsynaptic chemoreceptive system, produces a block of the secretory cells. When the cholinonegative 
structure is suppressed after postganglionic denervation, atropine comes into direct contact with the “exposed” 
cholinopositive (cholinomimetic) structure, producing a violent and extremely powerful cholinomimetic effect. 


SUMMARY 


The characteristic signs of decentralization (cortico-hemispheric and nucleo-bulbar) and denervation (pre- 
and postganglionic) of the human parotid gland are presented, These signs may be used for differential diagnosis, 
The significance of proserine and atropine as indicators of pre- and postganglionic denervation (proserine-atropine 
dissociation, atropine paradox) was demonstrated, The author illustrates the dual character of chemoreceptive 
postsynaptic transmission, namely, the presence of cholinopositive (cholinomimetic) phylogenetically older, and 
cholinonegative (cholinolytic, inhibitory) phylogenetically younger structures, Various special points of applica~ 
tion of proserin, atropine, pilocarpine (acetylcholine) are given (within the range of the pre- and postsynaptic 
transmission), 
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One of the most important tasks of research on problems of the therapy of coronary insufficiency is to find 
pharmacological substances which can be used to influence the reflex reactions which bring about constriction 
of the cardiac vessels, These reactions are known to play a significant role in the development of angina pectoris 
attacks. In this connection, the mechanism of the effect of analgesic substances, which have been clinically ob- 
served to stop angina pectoris attacks, on the coronary circulation is an interesting question. 


Our earlier investigations [2] showed that of the analgesic substances, morphine, thecodine [hydroxy-codeine 
hydrochloride], promedole [4-phenyl-4- propoxy-1,2,5-trimethyl- piperidine hydrochloride] and phenadone [Me- 
thadon], morphine alone has the property of dilating the cardiac vessels; the other analgesics, on the contrary, 
somewhat increase the tonus of the coronary vessels. One can therefore assume that the clinical efficacy of these 
agents is not due to their direct effect on the cardiac vessels, 


The purpose of this investigation was to study the effect of analgesic substances on the reflex reactions of 
the coronary vessels in response to stimulation of the carotid sinus receptors and the afferent nerves, 


There have been a series of investigations concerned with the question of how analgesic substances affect 
autonomic reflexes, but the results of these investigations are extremely inconsistent. 


For example, Vercauteren [8], who investigated the effect of morphine on the reflex changes of the blood 
pressure in response to stimulation of the carotid sinus receptors, concluded that morphine, even in small doses, 
can inhibit these reflexes, According to Z. N. Ivanova's observations [1], promedole inhibits the cardiovascular 
and respiratory reactions elicited by stimulation of the lower respiratory tract. M. Yu, Ladinskaya [5] also ob- 
served analgesics to induce inhibition of the blood pressure reflexes which develop with pressure on a coronary 
artery. 


Other researchers who studied the effect of analgesics on vascular reflexes, however, have concluded the 
exact opposite. For example, Vandenlinden [7] observed intensification of the blood pressure reflexes in response 
to stimulation of the carotid sinus receptors to occur under the influence of morphine, R, P, Kruglikova-L*vova 
[4] concluded that morphine and promedole increase the reflexes on the blood pressure induced by stimulation of 
the bladder interoceptors. G, V. Kovalev [3] reached a similar conclusion after studying the effect of analgesics 
on vascular reactions induced by stimulation of interoceptors. 


From the brief review of the literary data given above, it is evident that the research which has been carried 
out on the effect of analgesic substances on autonomic reflexes is not systematic in nature and has obtained only 
contradictory results, No specific investigation has been made of the effect of these agents on the reflex reactions 
of the coronary vessels, This is, however, a question of great clinical, as weli as theoretical, importance. 
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Fig. 1. Effect of morphine (1 mg/kg) on the reflex reactions of the coronary vessels; 
a) inhibition of reflexes from the tibial nerve affecting the coronary vessels and blood 
pressure caused by morphine in a dose of 1 mg/kg; b) increase in reflexes from the 
tibial nerve (1) and the carotid sinus (2) affecting the coronary vessels caused by 
morphine in a dose of 3 mg/kg. Curves show (from top to bottom): resistogram; 
blood pressure; stimulation of reflexogenic zones and administration of morphine; 
time (in 5-sec marks), Key: 1a) Morphine; 2a) morphine, 


METHODS 


The experiments were conducted on cats anesthetized with arethan and chloralose. The method of resisto- 
graphy was used to determine the effect of pharmacological substances on the reflex reactions of the heart. This 
method, proposed by V. M. Khayutin [6], is based on the principle of artificial stabilization of the blood flow in 
the vessels and uses a special pump to perfuse the vessels with the animals’ own blood, A detailed ‘description of 
this method and a diagram showing the experimetal] plan can be found in an earlier article of ours [2]. 


A catheter was introduced into the mouth of the left coronary or circumflex artery; blood from the carotid 
artery entered this catheter in a volume which was constant per unit of time. Under these conditions, the pressure 
recorded at the pump outlet reflects change in vascular resistance, rising with constriction and falling with dila- 
tation of the vessels, The advantage of this method is that it makes it possible to estimate changes in the tonus 
of the cardiac vessels independently of the changes in systemic arterial pressure which occur in the organism. 

In connection with the study of the reflex reactions of the coronary vessels, this is of particular value, because 
the reflex changes in the blood pressure developing in response to stimulation of the afferent system can mask 
the true condition of the tonus of these vessels when the estimations are based on measurement of the blood 
flow in the vessels of the heart. 


The blood pressure was recorded in the femoral artery with a mercury manometer, Heparin (800-1000 
units /kg intravenously) was used to prevent blood coagulation. 


Reflexes on the cardiac vessels were induced by stimulating the carotid sinus receptors (pressure on the 
carotid artery) and the afferent fibers of the tibial and medial nerves. This stimulation was effected by square- 
wave pulses with a frequency of 50-60 hertz and a voltage of 5-15 volts, 


RESULTS 


The experiments conducted demonstrated that analgestics, in relatively small doses, can inhibit the re- 
flexes of the cardiac vessels. For example, morphine in doses of 1-2 mg/kg decreased the reflexes an average of 
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Fig. 2. Effect of thecodine on the reflex changes in the resistance of the coronary 
vessels and in the blood pressure provoked by stimulation of the carotid sinus, Symbols 
the same as in Fig. 1. 


Fig. 3. Effect of phenadone on the reflex changes in the resistance of th. coronary 
vessels and in the blood pressure provoked by stimulation of the medial nerve, Symbols 
the same as in Fig. 1. 


50-70% of the original values. Their complete inhibition was even observed in a few cases. The effect of the 
morphine was not lasting. The reflexes usually returned to the original level 12-15 minutes after the administra- 
tion of the preparation (Fig. 1a). Increasing the morphine dose to 2,5-3 mg/kg did not enhance the effect. In a 
series of experiments in which morphine was administered in doses in 3-4 mg/kg, moreover, the reflexes of the 
coronary vessels increased 5-10% of the original level, The reflexes remained increased for some time (14 -2 hours). 
In most cases, we were unable to observe the restoration of the reflexes to the original level due to the conditions 
of the method employed (Fig. 1b). 


Thecodine had a similar effect on the reflex reactions of the coronary vessels, It should be noted, however, 
that thecodine's effect on these reflexes was more pronounced than that of morphine, Even in doses of 0.3-0.5 
mg/kg, thecodine inhibited the reflexes 30-40% of the original level. When the dose was increased to 1-2 mg/kg, 
the resulting inhibition of the reflexes usually amounted to 60-80% (Fig. 2), Thecodine did not cause lasting in- 
hibition of the reflexes; the original reflexes were usually restored after 12-15 minutes, Administered in large 
doses (3-3.5 mg/kg), thecodine, like morphine, caused the reflexes of the cardiac vessels to increase, In may ex- 
periments, this increase was very pronounced — as much as 80-90% of the original values. 


Promedole also showed an ability to inhibit the reflexes of the cardiac vessels. In doses of 0,3-0.5 mg/kg, 
it caused the reflexes to decrease 75-85% of their original level. The inhibitory effect of promedole on the reflex 
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reactions of the coronary vessels was most clearly expressed when the drug was administered in small doses, 
When the promedole dose was increased to 2-3 mg/kg, the reflexes either did not change or, sometimes, in- 
creased slightly (4-5% of the original). 


Phenadone, like the other analgesic substances, caused inhibition of the reflex reactions of the coronary 
vessels, When administered in doses of 0,5-1 mg/kg, it inhibited the reflexes by 30-60% of the original (Fig. 3). 
Under our experimental conditions, it was inconvenient to use phenadone in larger doses, because, in doses such 
as 2-3 mg/kg, phenadone induces disturbances of cardiac activity and acute blood pressure fall. 


All the experimental analgesic substances, therefore, in relatively small doses, cause inhibition of the re- 
flex reactions of the coronary vessels, These doses cf the analgesics, however, roughly correspond to the thera- 
peutic, The use of these substances in larger doses, however, caused the reflex reactions of the cardiac vessels 
to increase in a majority of cases, The different effects caused by the different doses of the analgesic substances 
are, it would seem, one explanation for the contradictory conclusions reached by the various researchers con- 
cerned with this question, 


It shou!d also be noted that the degree of change induced by the analgesics in the reflexes d the coronary 
vessels was identical regardless of which reflexogenic zone was stimulated to produce them, 


The changes in the blood pressure reflexes, which were recorded at the same time as those of the cardiac 
vessels, were parallel to the changes in the reflexes affecting the coronary vessels, 


Earlier investigations [2] allowed us to establish that morphine alone of the experimental analgesic sub- 
stances (morphine, thecodine, promedole and phenadone) can increase the blood supply of the heart. Promedole 
and phenadone, in a majority of cases, increased the tonus of the coronary vessels, thus reducing the volumetric 
rate of the coronary blood flow. Thecodine caused no significant changes in the condition of the coronary circu- 
lation, 


On the basis of these data, it would seem that the efficacy of most analgesic substances in angina pectoris 
is not duc to their direct effect on the vessels of the heart, As the data of the present investigation have shown, 
however, analgesic agents can inhibit the reflex reactions causing constriction of the cardiac vessels when 
administered in doses corresponding to the therapeutic. 


These data allow the hypothesis that the efficiency of analgesic substances in angina pectoris is due not 
only to their elimination of the pain syndrome, but also to their ability to inhibit the reflex reactions which 
cause constriction of the coronary vessels and therefore promote the development of coronary circulatory dis- 
turbances, 


When using these analgesic substances clinically, one should also keep in mind the fact that these substances, 
in larger doses, can promote the deterioration of myocardial blood supply conditions by raising the tonus of the 
coronary vessels or intensifying their reflex reactions. 


The only exception to this rule is morphine, which, in a majority of cases, improves the myocardial blood 
supply. 
SUMMARY 


The author studied the effect of analgetic substances (morphine, thecodine, promedol, and phenadon) on 
the reflex reactions of coronary vessels, provoked by stimulating the carotid sinus receptors and afferent nerves, 
The analgetic substances given in therapeutic doses are capable of depressing the mentioned reflexes, 


Conversely, in a number of cases large doses of the analgetic increased the reflex reactions of coronary 
vessels, 
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THE EFFECT OF ARECOLINE ON THE CARDIAC ACTIVITY OF THE CHICK 
OF THE CHICK EMBRYO AT VARIOUS STAGES 
OF ITS DEVELOPMENT 
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The literature contains many papers concerned with the question of the effect of vagotropic substances on 
the heart of the chick embryo, Many authors, using various isolated-heart methods, have ascertained the periods 
of embryonal development at which the effect of these substances on cardiac activity is apparent and compared 
them with the presence or absence of nerve elements in the embryonal heart, The results obtained are somewhat 
inconsistent. Some authors observed the effect produced by the action of vagotropic substances during the pre- 
innervated stage of cardiac development [12, 13, 16, 18], while others believe that the effect is not apparent 
until nerve elements have appeared in the heart (11, 14, 17]. 


In our opinion, the study of this question should be based on the assumption that specific cholinergic 
structures which participate directly in the realization of the vagus effect are present in the myocardium [1] 
rather than on the fact of the development of the nerve elements, 


Having taken this position, we decided to ascertain how arecoline affects the heart of the chick embryo 
at various stages of its development as a step towards understanding the problem of the development and mani- 
festation of the inhibitory process, using as the model the cardiac activity of an intact embryo and taking 
measures for maximum viability of the latter, 


METHODS 


In the work, we recored the ECG of the chick embryo, providing for its maximum viability [5]. To this 
end, the egg containing the embryo was placed in a heated chamber; the egg and the embryonal membranes were 
opened, and the bio-electric potentials of the heart were led off by means of electrodes, After the background 
frequency of the embryonal heart beat was recorded, arecoline was injected into the thigh in a dose of 100y. 

The frequency of the heart beat was then recorded one, three, five and ten minutes after the arecoline injection, 
The embryo was then injected with 10y atropine, after which the frequency of the cardiac contractions was again 
recorded three, five and ten minutes after the injection. The doses of arecoline and atropine used for each stage 
of embryonal development were the same to permit comparison of the results obtained, Seventy-three embryos 
at stages ranging from the 8th to 19th day of development were used in the experiments, 


RESULTS 


The data obtained showed that arecoline in the dose specified does not exert its characteristic effect on 
the cardiac activity of chick embryos at early stages of development, We observed no pronounced changes of 
any kind in the frequency of the cardiac contractions after the administration of the vagotropic substance on the 
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Fig. 1. Absence of change in the frequency of the cardiac con- 
tractions after the administration of arecoline to chick embryos 
on the eighth (a) and ninth day of development (b). Time shown 
in seconds; arrow represents the arecoline injection, Recorded 
one minute after the arecoline injection. 


8th-9th days of development (Fig. 1), On the eighth day, the injection of atropine on a background of the action 
of arecoline had no apparent effect either. On the ninth day, a few cases showed some increase in the frequency 
of the heart beat after the atropine injection. 


On the tenth day of development, we observed a more or less expressed decrease in the frequency of the 
heart beat in several cases the first and third minutes after the arecoline injection, averaging 10-20% of the 
original level. Five minutes after the arecoline injection, the frequency of the cardiac contractions had usually 


returned to the original background level, 


A peculiar type of cardiac reaction, in the form of alternate.decrease and increase in the frequency of the 
heart beat during the action of arecoline, was observed in a few embryos on the tenth day of development, The 
unstable, oscillating nature of these changes in the frequency of the cardiac contractions would seem to indicate 
that the tenth day of development is the first day when the effect of the action exerted by the vagotropic substance 
is apparent. 


After the tenth day of development, this effect became stable, increasing in degree asthe embryo grew 
older. On the 11th day, the decrease in the frequency of the cardiac contractions following the arecoline injec- 
tion averaged 25-40% of the background frequency, and on the 15th-19th day, this decrease reached an average 
of 50-60% (Figs. 2 and 3). 


The decrease in the frequency of the heart beat was often attended by arrhythmia, The effect of the 
arecoline injection was usually apparent by the end of the first and beginning of the second minute, Cardiac 
arrest occurred in a few embryos, but was dispelled by the atropine injection, A somewhat unusual occurrence, 
difficult to account for, was observed with the repeated administration of arecoline to the same embryo, Although 
the first injection caused the frequency of the heart beat to decrease, returning to normal by the end of the 
tenth minute, subsequent injections of arecoline had no effect, even when the substance was injected in a dose 
of 500 y. 


Atropine, administered to the chick embryos during the decrease in the frequency of the heart beat caused 
by the arecoline injection, restored the heart rate to its original level; often, we even observed some increase 
in the frequency of the heart beat over the background level, The atropine injection usually dispelled any 
arrhythmia which had developed after the arecoline injection, 


Visual observation of the embryo's behavior showed a considerable increase in the motor activity of the 
embryo after the arecoline injection, The movements were irregular and disorganized in nature, alternating with 
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Fig. 3. Change in the frequency of the cardiac 
contractions effected by arecoline in a chick 
embryo on the 19th day of development. 

a) Background frequency of heart beat; b) de- 
crease in heart beat frequency one minute after 
arecoline injection; c) restoration of original 
heart beat frequency three minutes after ad- 
ministration of atropine. Time shown in 
seconds, 


Fig. 2. Change in the frequency of the cardiac 
contractions effected by arecoline in a chick 
embryo on the 13th day of development, 

a) Background frequency of heart beat; 

b) decrease in frequency of heart beat one 
minute after arecoline injection; c) restora- 
tion of frequency of heart beat three minutes 
minutes after atropine injection, Time shown 
in seconds, 


short resting periods, Stimulation of the embryo's respiratory movements was observed in several cases after the 
injection of arecoline on the 19th day. 


Several variants of control experiments were conducted in order to establish the exact focus of the action of 
of arecoline: 1) injection of distilled water instead of arecoline (which caused no change in the rate of the 
heart beat); 2) injection of arecoline on a background of the action of atropine (arecoline did not exert its 
characteristic effect on cardiac activity in these experiments), Since atropine, which blocks cholinergic systems, 
prevented the manifestation of the effect of arecoline, the control experiments confirmed the fact that arecoline 
is a vagotropic substance and acts on specific cholinergic systems which directly participate in the realization of 
the inhibitory reaction of the heart. On this basis, the manifestation of arecoline's effect, and therefore, the 


manifestation of the inhibitory effect of the heart, must be associated with maturation of the analogous physiologic 


mechanisms or cholinergic structures, 


The data obtained show that the cholinergic structures are not functionally in evidence during the initial 
period of embryogenesis (8th-9th day). Their functional manifestation begins at a definite stage of embryonal 
development (10th day) but is not immediately complete, In many cases, the inhibitory reaction of the heart 
was not yet in evidence on the tenth day of development, although it was already clearly apparent in other 
cases, The oscillating nature of the reaction to arecoline observed in some embryos— periods of decreased heart 
veat frequency alternating with periods of increased frequency — indicated incomplete functional maturity of the 
structures producing inhibition of cardiac activity. On subsequent days of embryonal development, the inhibitory 
reaction of the heart was clearly apparent and stable, increasing with the development of the embryo, It was 
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interesting to observe this characteristic development of cardiac inhibition, which showed the secondary nature 
of the formation of the inhibitory reaction and the division between the development and manifestation of stimulat- 
ing and inhibitory influences. 


Adrenalin, which stimulates excitation in the substrate, manifests its effect on the heart at the stage of its 
development observed during the primitive epithelial tube stage [7], but, as our experiments have shown, the 
capacity for inhibitory reaction is developed much later. Some of the literary data also testify to the later mani- 
festation of the inhibitory reaction of the embryonal heart [2, 5}. 


This hypothesis is further corroberated in the work of N. A. Itina [6]; after conducting a phylogenic and 
ontogenic study of the properties of the muscls of various organs, this author concluded that the inhibitory effect 
of the nervous system on the heart has, in the course of the phylogenic animal development become a secondary 
phenomenon, 


The theory that there is some division between the inhibitory and stimulating processes has been expressed 
before by I. P. Pavlov (1934), This theory was then developed by L. A. Orbeli [8] and D. A. Biryukov [3], who 
asserted that the nature of the evolutionary development of nervous activity has ended in the gradual and separate 
formation of the inhibitory function. 


In discussing the question of the division between the development and manifestation of the inhibitory 
reaction, we have no wish to analogize the inhibitory processes in the central nervous system and in the heart, 
But posing the question of the times of development of the inhibitory mechanism in the myocardium is commensur- 
ate, since excitation and inhibition are functions not only of the central nervous system, but also of highly 
specialized structures in general [3]. 


The inhibition effect was first discovered on the model of cardiac activity (Weber, 1845), and discovery 
of the sequence of development of excitation and inhibition in the heart during embryogenesis can help advance 
our knowledge of how the interrelations of the principal nervous processes are formed. 


SUMMARY 


Arecolin which acts on the choline-reactive systems and simulates vagal effect, does not exert typical 
action on the cardiac activity of chick's embryo 8-9 days old. The tenth day is the first in which arecolin 
influences cardiac rate, Beginning with the 11th day, administration of arecoline produces constant effect, the 
magnitude of which grows with the age of the embryo. 


Based on the above data the author concludes that the inhibitory reactior of the heart appears and 
manifests itself at a much later date, and is formed gradually. 
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THE USE OF AN EXPERIMENTAL MODEL OF HYPERTONIA 
FOR ASSESSING THE EFFICIENCY OF SCHIZANDRA 
CHINENSIS IN ATHEROSCLEROSIS 


Z. M. Volynskii and M. K. Mikushkin 


From Department No. 2 of Hospital Therapy (Head — Prof, Z, M. Volynskii) 

of the S, M. Kirov Order of Lenin Academy of Military Medicine, Leningrad 
(Presented by N, N. Anichkov, Active Member of the AMN SSSR) 

Translated from the Byulleten’ Eksperimental ‘noi Biologii i Meditsiny, Vol, 50, 
No, 11, pp 66-70, November 1960 

Original article submitted January 18, 1960 


The experimental cholesterol model of atherosclerosis has been successfully used in research studying the 
significance of certain basic pathogenic factors of this disease, as well as to test many recently proposed methods 
of the prophylaxis and therapy of atherosclerosis [1], Experimental research has made possible the clinical use 
of many pharmacological substances, vitamins, hormones, etc, to prevent and treat atherosclerosis [9]. In the 
case of patients suffering from hypertonic disease along with atherosclerosis, however, many of these agents 
have proved to be rather ineffective, 


These two conditions are known to occur frequently in combination, It has been observed both clinically 
[8, 10] and experimentally [5, 13] that arterial hypertonia is one of the factors intensifying the development of 
atherosclerosis, Since many atherosclerosis patients suffer simultaneously from hypertonia, further research is 
needed to find new agents to prevent and treat atherosclerosis, and such agents should be tested on an experi- 
mental model of hypertonia combined with atherosclerosis, instead of on an experimental model of atherosclerosis 
alone, as has been done up to now, 


The purpose of our investigations was to make a comparative study of the efficiency of Schizandra 
chinensis seeds on both an experimental model of atherosclerosis and a model of hypertonia combined with 
atherosclerosis. 


There are no literary data concerning the influence of Schizardra chinensis on the development of ex- 
perimental atherosclerosis. 


METHODS 


The investigations were performed on 28 mole Chinchilla rabbits weighing 2.4-3 kg each, which had been 
kept under identical conditions and fed the customary diet. The animals were divided into two equal groups of 
14 rabbits each, 


Before the experiments with experimental! atherosclerosis were begun, the common carotid artery in eight 
of the rabbits was exposed through a skin flap. When the post-operative wound had healed, systematic measure- 
ments of the rabbits’ blood pressure were made until the normal blood pressure values were established. Then 
the main trunks of the right and left renal arteries were constricted by ligation with a wire 0.7-0,.8 mm in diameter 
in order toreproduce hypertonia, 


In all the rabbits before the experiments began, we determined the total blood cholesterol content according 
to M, A.Levchenko and the lecithin content according to Samson's method; after the experiments began, the 
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Fig. 1. Effect of Schizandra chinensis on the blood cholesterol content of the 
control (a) and experimental (b) rabbits with experimental atherosclerosis, 


Fig. 2. Acture lipoidosis of an intramuscular artery 
of the heart in a rabbit given cholesterol, Stained Fig. 3. Absence of lipodosis in myocardial 
with Sudan III and hematoxylin. Photomicrograph artery of rabbit given cholesterol plus Schizandra 
35x. chinensis, Stained with Sudan II and hematoxylin 
after-stain, Photomicrograph 35x. 
biochemical examinations of the blood were carried out 
every 15-17 days. 


Experimental atherosclerosis was induced in the control group of rabbits by the daily administration of 
0.2 g/kg cholesterol in a 10% sunflower oil solution, introduced into the stomach with the aid of a probe, 


The other group of rabbits received the same daily dose of cholesterol plus a 0.2 g/kg dose of ground 
Schizandra chinensis seeds, 


At the end of the experimental period (four months), the rabbits were sacrificed by air embolism; the 
gorta and heart were extracted and fixed in 20% formalin. 


The aorta was stained totally with Sudan III, and the changes observed in it were diagrammed schematically, 
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TABLE 1 


Degree of Atherosclerotic Changes in the Aorta and Coronary Arteries of Normotonic Rabbits Killed after Four 
Months of Experiments with Experimental Atherosclerosis 


Number Degree of atherosclerosis No 


Rabbit group of rabbits| 44,, on o changes 


Aorta 


Control (received cholesterol alone) 
Experimental (received cholesterol + 
Schizandra chinensis) 


Coronary arteries 


Control (received cholesterol alone) 10 5 
Experimental (received cholesterol + 
Schizandra chinensis) 10 2 - 3 1 4 


Key: +, slight atherosclerotic changes; ++, moderate changes; +++, acute changes; ++++, very acute changes, 


The degree of atherosclerotic changes was also studied mircoscopically on a series of heart sections, 
stained for fat with Sudan III, 


RESULTS 


The total blood cholesterol content in all twenty normotonic rabbits, i.e., those without partial constriction 
of the renal arteries, ranged between 55 and 100 mg% before the experiments began. Two weeks after the start 
of cholesterol feeding, the blood cholesterol content had increased to 350-450 mg% in the majority of the control 
rabbits (Fig. 1). 


As Fig. 1 shows (left-hand curve), the blood cholesterol level was still higher on the 45th day of the experi- 
ments; in six out of ten rabbits, it was as high as 400-778 mg%, Thereafter, the blood cholesterol content re- 
mained high in the majority of rabbits until the very end of the experiments. By the end of the fourth month, 
of cholesterol feeding, for example, it was 638-1025 mg% in three rabbits, 


The animals which were given Schizandra chinensis as well as cholesterol showed a relatively low choles- 
terol level (see Fig. 1b), unlike the control rabbits. In most of the experimental rabbits, the cholesterol level 
usually fluctuated between 50 and 250 mg%, Relatively high indices (400-770 mg%) were only observed at certain 
times in four out of ten rabbits, By the 90th-120th day of the experiments, however, the cholesterol level had 


decreased to 64-225 mg%(in nine out of ten rabbits). 


It should be noted that the most acute vascular atherosclerotic changes were observed in the rabbits with a 
high blood cholesterol content. 


Aortic lipoidosis was especially pronounced in the animals of the control group (Table 1). 


As Table 1 shows, acute atherosclerotic changes were found in five out of the ten control rabbits; in these 
animals, the aortic walls were swollen, and the internal surface of the aorta was covered with large atherosclerotic 
plaques merging into each other. Moderate atherosclerotic changes of the aorta were found in four out of the 
remaining five rabbits in this group, and slight changes were observed in one rabbit. 


Acute changes were observed in the myocardial vessels of all calibers in five of the ten control rabbits, 
Plaques constricting the arterila lumen were found in the intramuscular arteries and main subepicardial trunks 
of the coronary vessels, Cholesterol crystals were apparent among the lipoid deposits, The lumen of many of 
the intramuscular arteries was closed (Fig. 2). 


Figure 2 shows acute lipoidosis of an intramuscular artery of the heart with closure of its lumen, In the 
control group, the coronary arteries of only two rabbits showed no change. 


In the rabbits which were given Schizandra chinensis, the aorta showed a completely different picture, 
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TABLE 2. Cholesterol and Lecithin Content in the Blood and Degree of 
Atherosclerosis of the Aorta and Coronary Arteries in Hypertonic Rabbits on the 
120th Day of Systematic Administration of Cholesterol and Cholesterol Plus 
Schizandra Chinensis 


Degree of 
Rabbit group 5 = of of 
Se 8 aorta 
B&O = O vessels 


Control (given 
cholesterol) 


Experimental 0.9 It t+ 
(given choles- 
7 | 1120 459 0:4 | ++ | +++ 
terol + Schiz- 98 551 361 065 | 


andra chinensis) 


Key the same as in Table 1. 


No atherosclerotic changes were found at all in the aorta of four out of ten rabbits, in two rabbits, only tiny 
lipoid spots were seen, moderate changes were observed in three animals, and acute lipoidosis was discovered in 
the last rabbit. 


In the coronary arteries of only two out of ten rabbits could we observe expressed lipoidosis of the intra- 
muscular arteries, Moderate atherosclerotic changes of the coronary arteries were found in three rabbits and 
slight changes, in one, Both the main trunks of the coronary arteries and the intramuscular vessels of the other 
four rabbits were completely unaffected. As an example, we include a photomicrograph of a heart section taken 
from rabbit No, 18, showing one of the intramuscular arteries, free of lipoidosis (Fig. 3). 


Since the administration of Schizandra chinensis inhibited or prevented the development of atherosclerosis 
in the normotonic rabbits, it was interesting to study the effect of this agent on the development of experimental 
atherosclerosis in the hypertonic rabbits, For this purpose, we conducted experiments on theeight hypertonic 
rabbits (four in each group) at the same time as the experiments on the normotonic rabbits, 


In the hypertonic rabbits, the maximal arterila pressure was 80-120 mm of mercury before the operation, 
increasing after the operation to 175 mm. A gradual decrease of the arterial pressure to 130 mm of mercury was 
observed at the beginning of the fourth month of the experiments; the curve of arterial pressure decrease was 
steeper in the rabbits given Schizandra chinensis. 


In the hypertonic rabbits, unlike the normotonicanimals, the total blood cholesterol content was high from 
the very first weeks of the experiment, reaching even higher figures towards the end of the fourth month (Table 2), 


Table 2 shows a high cholesterol content and sharply reduced lecithin/cholesterol coefficient in both groups 
of hypertonic rabbits. 


The atherosclerotic changes found in the aorta and coronary arteries of both the control hypertonic rabbits 


and those which were given Schizandra chinensis were more pronounced than the changes found in the normotonic 
group of rabbits. 


Therefore, the data obtained show that cholesterol feeding caused the same serious atherosclerotic changes 


in the hypertonic rabbits given Schizandra chinensis as it did in the hypertonic rabbits which received only 
cholesterol, 


The inhibition or complete prevention of the development of atherosclerosis observed in the normotonic 
rabbits which received Schizandra chinensis was evidently due primarily to the stimulating and tonicizing action 
of the drug on the central nervous system [4, 7], secondly to an increase in the activity of certain enzymes, 
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intensification of the carbohydrate [2] and phosphorus [3},metabolisms and stimulation of internal respiration [6] 
and thirdly, to the fact that the introduction into the organism of Schizandra chinensis causes an increase in the 
systolic volume of the heart [11], while an infusion of the leaves intensifies the minute volume of a weakened, 
hypodynamic heart [12]. 


The’ positive influence of Schizandra chinensis is not manifested, however, under conditions of hypertonia, 
a powerful pathologic factor, 


SUMMARY 


Experiments with 28 rabbits have shown that seeds of Schizandra chinensis administered in a dose of 
0.2 g/kg for experimentally induced atherosclerosis will reduce the cholesterol level in the blood and decrease 
or totally prevent atherosclerosis of the aorta and of the coronaries in the normotonic rabbits, The same doses of 
S. chinensis administered to hypertensive rabbits fail to exert any effect. In the search for effective agents for 
prophylaxis and treatment of atherosclerosis it is necessary to test them not only on models of experimental 
atherosclerosis, but likewise on models of atherosclerosis associated with hypertension. 
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MICROBIOLOGY AND IMMUNOLOGY 


THE IMMUNOLOGICAL ACTIVITY OF ANTIBODIES, 
ADSORBED ON SOLID ADSORBENTS 


A. K. Adamov 


Public Health and Epidemiological Laboratory (Head — F, A. Mordvintsev, 
Scientific Consultant — Corresponding Member AMN SSSR Prof, A. Ya. Alymov) 
(Presented by Active Member AMN SSSR N. N, Zhukov-Verezhnikov) 
Translated from Byulleten’ Eksperimental'noi Biologii i Meditsiny, Vol. 50, 

No. 11, pp. 71-76, November, 1960 

Original article submitted November 20, 1959 


The properties of antibodies when adsorbed on solid adsorbents have not been adequately studied, In the 
accessible literature we found only isolated reports of this subject. Eisler [3], for example, showed that diphtheria 
and tetanus antitoxins, when adsorbed on activated carbon, lose their power to neutralize homologous toxins, 
According to Vekerdi [4], precipitins against horse proteins, when adsorbed on animal charcoal, talc, powdered 
glass, starch, erythrocytes, barium chloride, agar agar and barium sulfate, also showed no immunological activity 
when mixed with the homologous antigens, 


In the search for methods of improving serological reactions, we studied the properties of antibodies adsorbed 
on solid adsorbents, 


METHOD 


In view of the negative results obtained by Eisler [3] and Vekerdi [4] with adsorbed antitoxins and precipitins, 
we carried out experiments with different antibodies and antigens, Altogether 112 experiments were conducted 
with 40 strains of various species of microorganisms, 2 strains of influenza viruses, complete antigens of dysentery 
bacteria and of the genus Salmonella, and also with haptens and type A botulinus toxin, 


The antibodies were adsorbed by the following method, To 2 ml of an immune serum,*® diluted 1 ; 10 
with physiological saline, was added 100 mg of the adsorbents to be tested, in powder form and previously sifted 
through a standard brass grating of 40 mesh (for standardization of the particle size), The sera with the ad- 
sorbents were kept for 2 hours at 37° and for 18 hours at 4-8°, and periodically stirred with a glass rod, The sera 
with adsorbents were then centrifuged at 2000 rpm, The translucent supernatant fluid was removed by decantation 
and the residue was suspended in 10 ml of physiological saline, containing 1% boric acid as preservative, The 
suspensions of adsorbents thus obtained contained on their surfaces particles of antibody adsorbed from the immune 
sera, 


The study of the immunological activity of antibodies adsorbed on solid adsorbents, by various methods, has 
shown that the simplest and most convenient method is the agglomeration reaction on a glass slide. If a suspension 
of an adsorbent, containing adsorbed antibodies on its surface, is mixed with homologous antigen on a glass slide, 
the particles of adsorbent merge to form large agglomerates, This does not occur if adsorbents, containing ad- 
sorbed antibodies on their surface, are mixed with heterologous antigens. To perform the agglomeration reaction, 
on to a thoroughly degreased giass slide were placed three drops of the suspension for testing, on the particles of 
which the antibodies were adsorbed. To the first drop of suspension was added a drop of homologous antigen, to 
the second drop— a drop of heterologous antigen, and to the third drop — a drop of physiological saline. After 


*Sera were used which were preserved in 1% boric acid. Sera which were preserved with other elements and sera 
which underwent lypophilic drying processes were not usable for adsorption experiments. 
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thorough mixing of each drop with a platinum loop, observations were made for a period of 5 minutes (with slight 
agitation of the slide) of the changes in the structure of the suspension. The reaction was regarded as specific if 
agglomeration took place only in the drop in which the particles of adsorbent were mixed with homologous anti- 
gen, and in the other two drops the suspension remained homogeneous, The intensity of the agglomeration re- 
action was denoted by + signs. 


As a result of trials of suspensions of various substances possessing the property of adsorbing antibodies 
(A. K. Adamov [1}), it was found that only suspensions of alizarin, infusorial earth and animal charcoal were 
suitable for the study of the immunological activity of adsorbed antibodies. Suspensions of these adsorbents, 
after adsorption of antibodies, remain stable and do not give nonspecific agglomeration with physiological saline 
or heterologous antigens. Comparison of the sensitivity of suspensions of animal charcoal, infusorial earth and 
alizarin, containing adsorbed antibodics on the surface of their particles, showed that a suspension of alizarin 
was most active, i.e., reacted with the smallest quantity of antigen. The activity of the antibodies adsorbed 
on the above-mentioned adsorbents depended not only on the type of adsorbent but also on the antibody titer of 
the sera with which adsorption was carried out. For instance, agglutinins adsorbed on charcoal, infusorial earth 
and alizarin showed immunological activity if the titer of the specific immune sera from which the agglutinins 
were adsorbed was not less than 1 : 3200. In carrying out experiments with alizarin it must be remembered that 
this substance is soluble in an alkaline medium, when the suspension of alizarin becomes unstable. In order to 
prevent the appearance of nonspecific reactions it is essential to use antigen solutions with a pH of not higher than 
7,2-7.6, so that after mixing of the antigens with the suspensions of alizarin (preserved with 1% boric acid) the pH 
of the medium in which the agglomeration reaction is to take place shall not be greater than 6.0. 


Since the immunological properties of the adsorbed antibodies were demonstrated most actively when 
alizarin was used as adsorbent, in the subsequent experiments only this substance was used. In the experiments 
we tested the immunological activity of different species of antibodies, adsorbed on suspensions of alizarin, from 
the following immune sera; 


dysentery agglutinating serum (Flexner), titer 1: 3200 
paratyphoid B agglutinating serum, titer 1 : 3200 
tularemia agglutinating serum, titer 1: 1500 
precipitating serum against serum protein of cattle, titer 1: 10,000 
precipitating serum against human serum protein, titer 1: 10,000 
influenza type A, titer of complement-fixing antibodies 1: 640 
influenza type B, titer of complement-fixing antibodies 1 : 640 
"Diaferm 3" type A botulinus antitoxic serum, containing 50,000 units / ml 
*Diaferm 3” type B botulinus antitoxic serum, containing 50,000 units / ml 


All the sera were preserved with 1% boric acid. During investigation of the immunological activity of the 
antibodies we determined the minimal quantities of antigens producing an agglomeration reaction. 
RESULTS 


The results of the study of the immunological activity of the antibodies adsorbed on alizarin particles are 
shown in the table. 


It will be seen from the Table that agglutinins, when adsorbed on alizarin, gave an agglomeration reaction 
with the homologous bacterial cells and complete antigens, but did not give an agglomeration reaction with 
haptens. It must be pointed out that intensive agglomeration reactions took place with complete antigens, ex- 
tracted with trichloroacetic acid. The agglomeration reaction took place with complete antigens obtained by 
means of enzymic digestion only in the presence of high concentrations of antigen (1 : 500-1 : 1000), Precipitins 
against human and animal serum proteins, when adsorbed on alizarin, did not give an agglomeration reaction 
with homologous protein antigens (when working with human and animal blood sera as antigens, in order to pre- 
vent nonspecific reactions 1% boric acid must be added to them). The results of our experiments with precipitins 
against human and animal proteins were in full agreement with those obtained by Vekerdi [4]. Complement- 
fixing virus antibodies and botulinus antitoxins, when adsorbed on alizarin, gave agglomeration reactions with 
homologous antigens. 


It can be seen from the table that antibodies, adsorbed on alizarin, reacted with antigens in small 
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concentrations (25M bacterial cells/ml, complete anti- 

gens in dilutions of 1 ; 800,000 - 1 ; 1,600,000), and may 
be used for the rapid detection of pathogenic microorganisms, 
complete bacterial antigens and viruses, 


These experimental results thus show that the ad- 
sorption of agglutinins, antitoxins and virus complement- 
fixing antibodies on solid adsorbents is not accompanied 
by their destruction. The above-mentioned antibodies, 
adsorbed on solid adsorbents, retain their specific activity 
and are capable of giving immunological reactions with 
homologous antigens, which are shown in the form of 
agglomeration of the particles of the adsorbent. With 
regard to the immunological activity of precipitins against 
human and animal serum proteins, adsorbed on solid ad- 
sorbents, it is too early yet to form definite conclusions. 
The absence of an agglomeration reaction between pre- 
cipitins adsorbed on solid adsorbents and homologous 
protein antigens gives no grounds for the assertion that the 
adsorption of these antibodies is accompanied by their 
inactivation, since immunological reactions between the 
above-mentioned components may not be accompanied by 
agglomeration of the particles of the adsorbents, It is also 
evident that the immunological reaction taking place 
between antibodies, adsorbed on solid adsorbents, and 
haptens is not accompanied by agglomeration of the part- 


6- Antigen M4- Antibodies icles of the adsorbent. 


The study of the properties of suspensions of ad~ 

» — Particle of alizarin with sorbents containing adsorbed antibodies on the surface of 

adsorbed antibodies their particles showed that, as a result of adsorption of the 

° antibodies on the particles of the adsorbent, new com- 
Scheme of the agglomeration reaction of pounds are formed, which combine the properties of the 
alizarin suspension antibodies. A) Appearance suspensions of adsorbents and of the serum antibodies, We 
of the suspension antibodies in the first moment therefore suggest that suspensions of adsorbents containing 
after mixing with homologous antigens; B) ad- antibodies on their particles be called “suspension anti- 
sorption of antigens on alizarin suspension anti- bodies," and that the reactions between the suspension - 
bodies; C) agglomerate of alizarin suspension antibodies and the homologous antigens be called “suspen- 
antibodies and homologous antigens. sion antibody agglomeration reactions," 


The mechanisms of the suspension antibody agglomeration reaction is not yet sufficiently clear. Like 
other serological reactions, it does not take place in the absence of electrolytes. When the processes taking place 
in the agglomeration reaction between typhoid suspension agglutinins and typhoid bacilli were observed under 
the phase-contrast microscope, it was found that in the first moment after mixing the components the bacilli were 
adsorbed on the particles of the alizarin-suspended agglutinin, and the particles of suspension agglutinin, together 
with their adsorbed bacilli, then collected together into agglomerates. The combination of antigen with antibodies, 
adsorbed on alizarin, apparently takes place at the moment of adsorption of the antigen on the alizarin particles. 
Agglomerates of alizarin suspension antibodies are readily broken up by agitation; when the agitation ceases the 
alizarin suspension antibodies again form agglomerates. On the basis of our observations the mechanisms of the 
agglomcration reaction of alizarin suspension antibodies may be illustrated in the form of the following scheme 
(see Figure), 


It will be seen that after mixing of the alizarin suspension antibodies, adsorption of microorganisms takes 
place on the surface of the alizarin particles (B). The antigens adsorbed on the particles of alizarin suspension 
antibodies are combined at the moment of adsorption with antibodies, are sensitized and acquire the property of 
agglutination with each other. The forces a, however, attracting one molecule of antigen to another on the surface 


4 0 4 
rs] 
@ 
1 
- q 
4 1166 
4 


of a single alizarin particle, cannot overcome the forces of adsorption keeping these antigens on the surface of the 
alizarin particle. For this reason the suspension of alizarin particles, containing sensitized antigens on their sur- 
face, becomes unstable. Equilibrium in the system alizarin suspension antibodies - homologous antigens is 
achieved as a result of the agglutination of the antigens adsorbed on different particles of the alizarin suspension 
antibodies. The reaction between the sensitized antigens, adsorbed on different particles of the suspension anti- 
bodies (forces b), causes agglomeration of the particles of the suspension antibodies (c). Forces a and b are 
identical in nature — they are the forces which cause agglutination of antigens in the ordinary serological reactions, 


There is no doubt that an important part in the agglomeration reaction of alizarin suspension antibodies is 
played by the electrical changes of the reacting particles and by several other factors, The description of the 
mechanism of the agglomeration reaction which has been given is therefore purely schematic and does not claim 
to provide an exhaustive explanation of this complex serological reaction. 


SUMMARY 


Agglutinins, virus complement-fixing antibodies and antitoxins retain their immunological activity after 
adsorption on solid adsorbents (alizarin etc.), Precipitins against human and animal serum protein, adsorbed on 
solid adsorbents do not give agglomeration reactions with homologous antigens, Antibodies, adsorbed on solid 
adsorbents react even with a small amount of antigen and may be used for quick detection of microorganisms 
and viruses, A term “suspension antibodies” is suggested for antibodies, adsorbed on solid adsorbents, and 
“suspension antibodies of agglomeration reactions” — for reactions between suspension antibodies and homologous 
antigens. The mechanism of this reaction is described. 
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It has previously been shown [4-7] that, as a result of the action of the proteolytic enzyme papain on an 
immune globulin, the molecule of the latter is split up into several parts, without loss of the power of this y- 
globulin to react specifically with its own antigen. 


Ail attempts to isolate from the products of proteolysis in a pure form the fragment of the globulin mole- 
cule possessing the specific antideterminant, using chemical or physicochemical methods [6, 7] for this purpose, 
have, however, been unsuccessful. 


It accordingly appeared to be of great interest to use the specific antigen— antibody reaction to isolate the 
active center of the antibody from the products of proteolysis, using for this purpose an antigen fixed on an in- 
soluble carrier (cellulose). 


EXPERIMENTAL METHOD AND RESULTS 


The immune sorbent in our experiments was horse albumin, fixed on cellulose by Campbell's method [3], 
which we modified.* 


A rabbit immune serum against crystalline horse albumin was fermented with papain** for 16 hours at 37°. 
The papain was preliminarily activated by being allowed to stand in a buffer solution at pH 7.0, consisting of 
equal parts of a 0.05M solution of cystein hydrochloride, a 0.01M solution of Na-versene and a 0.3M solution of 
K,HPO,. The duration of activation was 1 hour at 42°. The quantity of papain added to the serum was 0.5 mg 
for each 70 mg of serum protein. 


After the completion of the fermentation of the serum, it was cooled to 2°, to it was added a 0.05M solu- 
tion of monoiodoacetate (papain inhibitor), and it was then subjected to rapid dialysis in the cold against physio- 
logical saline. Dialysis continued for 28-30 hours. 


The experiments showed that a serum, when fermented in this way, completely lost its precipitating pro- 
perties, but at the same time preserved its power of specific combination with its antigen (horse albumin), which 
could be judged by the ability of this serum to specifically inhibit the precipitation reaction between horse 
albumin and unchanged serum. In subsequent work this test has been used for detection of the specific anti- 
determinant in a fermented serum. 


* In contrast to Campbell, the celiular tissue was not combined with p-nitrobenzylchloride but with p-nitro- 
benzylbromide, which has a much higher reactive power. 
** The preparation of papain was obtained from the Baker Research Laboratory, London. 
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Protein Content of Specific Precipitate (in mg) Obtained as a Result of the Reaction be - 
tween a Fermented Rabbit Immune Serum (Antigen) and an Ass's Serum Against Rabbit 
Globulin 


“Quantity of antigen (in mg) 


Antibody 0,005 0,04 | 0, 08 


quantity of protein in specific precipitate (in mg) 


0,0! 0,02 0,16 0,32 0,64 


Fermented serum 0, 223) 0,344] 0,429) 0,671) 0,809) 0,945) 1,083) 0,573 
Fermented seruin, exhausted 

with immune sorbent 0,172) 0,297} 0,395) 0,621} 0,730) 0,890) 0,985) 0,521 


Note. In the experiments 0.25 ml of antiserum, diluted 1 ; 2, and a corresponding 
amount of antigen were used. 
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serum fermented immune 
serum sorbent 


its activity asan antibody (as a per- 
centage of the activity of the fer- 


Antigenicactivity of y-globulin and 
mented immune serum), 


The presence of the antigenic determinant of the y-globulins 
(b) and the antideterminant of the antibody (a) in an immune 
serum after fermentation with papain, in the same serum when 
exhausted with immune sorbent, and in the eluate from the 

immune sorbent. 


In order to isolate the specifically active center of the antibodies, the immune serum, after fermentation 
as described above, was mixed with the immune sorbent for 2 hours at room temperature, after which the super- 
nantant fluid was tested for its content of antideterminant in inhibition experiments. These experiments showed 
that the immune sorbent completely extracted from the serum the fragment of the y-globulin molecule possessing 
specific antibody activity, as a result of which the serum, after exhaustion by the immune sorbent, lost its 

ability to specifically inhibit the precipitation reaction. 


After the thorough removal of proteins not reacting with the immune sorbent, by means of the repeated 
washing with physiological saline on a Buchner funnel, elution of the specific inhibiting factor from the immune 
sorbent was carried out. The elution was done by acidification to pH 2.6 for 2 hours at room temperature, after 
which the presence of specifically active centers of the antibody was determined in the eluate. 


The experiments showed that the eluate does, in fact, contain the antideterminants of the antibodies, as 
disclosed by its ability to specifically inhibit the precipitation reaction between the unchanged serum and its 
antigen. 


Determination of the protein content in the eluate showed that, taking account of all the volume changes, 
it comprised one third of the total protein content of the antibodies in the test serum (8.6 mg antibody protein 
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in 1 ml of serum compared with 3.22 mg protein in 1 ml of eluate). Under these circumstances the eluate pre- 
served about one half the inhibiting activity of the fermented serum. 


In connection with these findings it was thought to be most important to discover whether the fragment of 
the antibody molecule which we had isolated, bearing the specific antideterminant, possessed the antigenic 
activity appertaining to rabbit globulin. 


Experiments showed that a rabbit serum against horse albumin, subjected to fermentation and used as 
antigen, gave a precipitation reaction with the immune serum of an ass against rabbit globulin. After exhaustion 
of the fermented serum with the immune sorbent, which led to the loss of its function as an antibody, it never- 
theless fully retained its ability to precipitate an ass's antiserum. Meanwhile the eluate from the immune 
sorbent not only did not precipitate the ass's antiserum, but also it did not inhibit the reaction of the latter with 
unchanged rabbit globulin (see Table). 


The results obtained (see Figure) show that the specifically active center of the antibody and the antigenic 
determinant inherent in y-globulin are found in different parts of the antibody molecule, which enables the spe- 
cific antideterminant to be isolated in a pure form, not possessing the antigenicity of y-globulin. 


As Porter [6] reported recently, during fractionation of immune globulin, fermented with papain, on a 
chromatographic column, he was able to obtain three fractions, two of which contained active centers of the 
antibody in addition to inactive protein, and one possessed only the properties of an antigen. These results are 
in complete agreement with our own. 


According to the findings of Treffers [8] and Wright (9), and as a result of systematic investigations 
carried out recently by G. N. Kryzhanovskii, L. N. Fontalin and L. A. Pevnitskii [1, 2], it has been shown that 
antibodies do not possess antigenic properties which differ from the antigenic properties of y-globulin. Our 
findings, according to which the fragment of the antibody molecule bearing the antideterminant does not possess 
the inherent antigenic properties of y-globulin, support the above investigations to a certain degree. 


SUMMARY 


A cellulose-fixed antigen was used to isolate the specifically active antibody center from papain-fermented 
antiserum. This antibody center possessed no antigenic properties characteristic of y-globulin. 
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Autoplastic transplantation of tissues such as the skin is usually a successful procedure and is widely used 
in plastic operations, whereas homografts as a rule die after a varying period of time after transplantation. 


The reason for the different behavior of auto- and homografts is thought by many workers to be immuno- 
logical differences between the tissues of the donor and recipient [1, 4, 5, 9, 12, 16 and others]. 


It has been shown that human erythrocytes contain about 40 different antigens, by means of which 9 


immunological systems can be differentiated in man, comprising more than 300,000 individual antigenic varia- 
tions. A diversity of antigenic properties has also been demonstrated for human tissues [5]. 


The antigenic composition of the cells and tissues of animals has received less study. There are, however, 
many experimental findings which give evidence of the complexity of the antigenic structure of animal tissues 
and of the wide variety of the antigens in animals of the same species, For instance, during the study of the 
antigenic structure of the dog's red cells it was found that at least four different agglutinogens were present 
therein [6, 11, 13, 15, 17, 18]. 


The existence of antigenic differences between the tissues of dogs was confirmed by experiments on 
repeated homotransplantation of kidneys. It was found that secondary kidney homografts died more quickly 
than primary, as a result of immunization of the recipient during the primary grafting [10, 16, and others}. 


Attempts have been made to detect specific antibodies to the donor's antigens, arising in the recipient as 
a result of homotransplantation. Serological investigations of dogs’ sera have given contradictory results, 


Yu. Yu. Voronoi [2, 3], for instance, reported the appearance of see cena fixing antibodies in the 
serum of dogs after grafting of a kidney. 


Curtiss and Herndon [8) found agglutinins to the donor's erythrocytes in the serum of 2 of 5 dogs after 
homoplastic transplantation of a joint. 


Simonsen [16], on the other hand, could find neither hemagglutinins nor complement-fixing antibodies in 
the serum of dogs after transplantation of kidneys. 


Greater success was obtained in the investigations of Simonsen [16] and of Muirhead and Groves [14], when 
they used the agglutination reaction in a protein medium and the Coombs’ test [7], for they were able to detect 
incomplete antibodies to the donor's erythrocytes in the serum of dogs after grafting operations. 


The present experimental research was devoted to the immunological study of the sera of dogs after the 
homoplastic transplantation of different organs. 
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TABLE 1 


af No. of dogs examined 
rou 
4 P Character of homoplastic operation performed 
operation operation 


First 
Second 


Grafting of a second heart with a lung or the lobe of a lung 

Grafting of a kidney with or without removal of the 
animal's own kidney 

Grafting of the lobe of a lung 

Creation of a crossed circulation between donor and recipient 

Complete replacement of heart and lungs, grafting of limbs 

or parts of the body of a puppy to an adult dog, grafting 

of the knee joint, and so on. 


Third 
Fourth 
Fifth 


Total number investigated 


METHOD 


The object used for the immunological study was the sera and erythrocytes of recipients and donors both 
before and at various intervals after operation. * 


According to the character of the operations performed on them, the receipient dogs could be divided into 
five groups. 


It will be clear from the details given in Table 1 that the blood of 38 pairs of donors and recipients was 
examined before operation. Because of the complicated nature of the operations, half the recipients died with- 
in 48 hours of operation, and so their blood was not reexamined, The serum and erythrocytes of 19 recipients 
whose period of survival after operation was longer than four days were tested in immunological reactions in 
order to detect the changes accompanying homografting. 


In performing the investigations two methods were used: 


1) the agglutination reaction in a saline medium [2 drops of serum (whole and diluted) + 1 drop of a 3-5% 
susp. nsion of erythrocytes in physiological saline, with subsequent centrifugation for 1 minute at 2000 rpm]; 


2) the agglutination reaction in a protein medium [2 drops of whole or diluted serum were poured out, 
and then to each tube was added 1 drop of a 3-5% suspension of erythrocytes in a 20% solution of albumin, The 
tubes were shaken and allowed to stand for 1.5-2 hours at room temperature. To prepare the 20% albumin so- 
lution, 1 g of dry albumin from human serum was dissolved in 5 ml of 0.85% NaCl solution, after which the 
mixture was rendered alkaline (to pH 7.2) by the addition of a few drops of 10%, NaOH solution]. 

The results of the hemagglutination reaction in a protein medium were read by means of a hand lens over 
a pearl electric light. 


RESULTS 


In Table 2 we give the results of the immunological investigation of the sera of 17** recipients with the 
donors’ erythrocytes at various intervals after homografting operations. 


It is clear from Table 2 that during the investigation of the recipients’ sera by the agglutination reaction 
with the donors’ erythrocytes in a saline medium, only in the dog Urs was it possible to detect agglutinins to the 
donor's erythrocytes on the tenth day after operation. 


In the other cases no agglutinins to the donor's erythrocytes were found by this method in the recipients’ 
serum, both before and at different intervals after the homoplastic operations. 


We obtained more successful results by using the agglutination reaction with the donor's erythrocytes in a 


*The operations were performed by V. P. Demikhov in the laboratory for transplantation of organs. 
** The results of investigation of the sera of two recipients, dying on the fifth day after transplantation of the 
head of the femur, are not given in the table. No changes were found in the sera of these dogs. 
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20% albumin solution. By using this method we 
were able to demonstrate the presence of agglutinins 
to the donor's erythrocytes in several recipients and 
to observe an increase in their titer after homograft- 
ing operations. 


A second heart was grafted on to the dog 
Starik, with a lung in the thorax. The dog survived 
for ten days after operation. 


ction in protein solution 


tate with a clear, smooth 


It can be seen from Table 2 that before 
operation agglutinins to the donor's erythrocytes were 
found in the recipient's serum to dilutions of 1 : 4. 
On the seventh day after operation the titer of 
agglutinins to the donor's erythrocytes was in- 
creased. There was a well-marked reaction of 
agglutination of the donor's erythrocytes to a dilution 
of the serum of 1 : 32. The same results were ob- 
tained on the ninth day, The recipient's serum did 
not agglutinate its own erythrocytes, 


ipi 


ation rea 
+ Doubtful agglutination, The edges 


n | agglutin 


Dilutions of sera 


Method of investigation 


lutination reaction in saline solutio 


The serum of the dog Stroinyi before opera- 
tion agglutinated the donor's erythrocytes in albumin 
solution only in the undiluted form, On the seventh 
day after grafting of the second heart with a lobe 
of the lung into the thorax, the agglutinin titer rose 
to a dilution of 1; 4, and on the tenth day after 
operation a clear reaction of agglutination of the 
donor's erythrocytes took place to a dilution of 
1; 16. 


In the serum of the dog Urs, into whose 
thorax a second heart, with a lung, was grafted, in 
a saline medium agglutinins to the donor's ery- 
throcytes were found in a titer of 1 : 8 on the 
tenth day after operation. 


When investigated in a protein medium, the 
agglutination reaction was more clearly apparent 
and the agglutinin titer was higher (to a dilution of 
1:16). No differences were found, however, in the 
agglutinin titer before and on the tenth day after 
operation. 


Time of investi- 
gation of serum 
Before operation 
On 4th day after operat. 
Before operation 
On 4th day after operat. 


Bp) 
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. ~ Erythrocytes are evenly deposited at the bottom of the tube; a homogeneous prec 


A donor's kidney was grafted on to the dog 
Buket after its own kidneys had been removed, The 
recipient died from uremia on the 11th day after 
operation. It is clear from Table 2 that the re- 
cipient’s serum before operation and on the fifth 
day after operation feebly agglutinated the donor's 
erythrocytes in the undiluted form and in a dilution 
of 1; 2. On the 11th day after operation agglutinins 
to the donor's erythrocytes were found in the re- 
cipient’s serum to a dilution of 1:16, whereas the 
recipient's own erythrocytes and the erythrocytes of 
other dogs were agglutinated by the serum only to 
a dilution of 1: 4. 


Creation of a crossed 
circulation 


| 
Character of homo- 
transplantation 
operation 


Ryzhii 
marked with radial stripes; ++ the precipitate fills almost the entire bottom of the tube and clumps of agglutinated erythrocytes are seen; + part of the 


erythrocytes appear as a homogeneous precipitate, the rest in the form of clumps or agglutinates, The edge of the precipitate is uneven, The surface is 


rough, (+) The greater part of the erythrocytes appear as a homogeneous precipitate and there are a few clumps. 


of the precipitate are not quite smooth 


border, 
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TABLE 2 (continued) 
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Grafting of a decapsulated kidney was performed on the dog Chernysh, without removal of the animal's 
own kidneys. The dog remained in a satisfactory condition. On the 45th day after operation an exploratory 
laparotomy was performed. The grafted kidney was found to be enlarged four-or fivefold and the renal artery 
was thrombosed. It is evident from Table 2 that the recipient's serum before operation and on the eighth day 
after operation did not agglutinate the donor's erythrocytes, Only on the 19th day after operation were agglutinins 
to the donor's erythrocytes found in whole serum, their titer rising very slowly to 1 : 4 on the 45th day. 


Agglutinins to the donor's erythrocytes were found to a dilution of 1; 2 in the serum of the dog Polkan on 
the sixth day after homoplastic transplantation of a kidney. Unfortunately this serum was not tested before 
operation. 


It is clear from Table 2 that the appearance of agglutinins was not observed in all the animals, 


The titer of agglutinins to the donor's erythrocytes was not increased in the recipients Zheltkyi and Khromoi, 
whose sera were tested on the 4th-6th day after operation. 


In the serum of the recipient Chernyi, tested on the eighth and 12th day after operation, and that of the 
recipient Tuzik, tested on the fifth day after operation, agglutinins to the donor's erythrocytes were absent. 


The dog Lokhmach, on which the operation of grafting of a lower lobe of the donor's lung was performed, 
survived for 45 days after operation. When it was examined post mortem, the grafted lobe was found to be 
almost completely absorbed. Since the donor was not kept alive, no immunological investigations were carried 
out after the 11th day. Tests of the serum on the fourth and 11th day after operation showed the absence of 
agglutinins to the donor's erythrocytes, 


No increase in the agglutinin titer was observed in the dog Kerzon on the 11th day after grafting of a knee 
joint, or in recipient No, 2 after grafting of a lung. No significant changes were found, moreover, in the sera 
of two pairs of dogs after the creation of a crossed circulation. 


Immune agglutinins were thus found in the serum of five recipient dogs on which a heart and lung, or a 
kidney had been grafted, out of the 19 dogs investigated after various homografting operations, in atiter of be- 
tween 1: 4 and 1 : 32, to the erythrocytes of the corresponding donors, the appearance of which may be accounted 


for by immunization of the recipient with antigens of the donor's tissues, 


These agglutinins evidently belong to the group of incomplete antibodies, for they are best detected in a 
protein medium by the conglutination method. 


The absence of immunological changes in the serum of the majority of recipients after homograiting 
operations may evidently be explained by the fact that the sera were tested on the fourth, the fifth and, only in 
a few cases, on the sixth day after operation, whereas the immunological reaction of the body to the introduc- 
tion of foreign antigens is known to develop only seven or more days after the introduction of these antigens. 


In some cases, despite the comparatively long survival period of the recipient after grafting of the organs, 
no antibodies to the donor's erythrocytes could be found in its serum. These cases may be explained by the 
peculiarities of the immune reaction of the recipient, by the specific features of the antigenic structure of the 
grafted organs, and also, possibly, by the close resemblance between the antigenic properties of the tissues of 
donor and recipient. 


SUMMARY 


Comparative immunological examination of sera obtained from recipient dogs before transplantation and 
at various periods after the homotransplantation of various organs demonstrated that immune agglutinins to the 
donor's erythrocytes may appear in the recipients’ sera. These agglutinins belong to the group of incomplete 
antibodies, since they are best detected by the conglutination method. The appearance of hemagglutinins in the 
serum of recipients points to antigenic differences between the donor's and recipient's tissues has the basis of 
tissue incompatibility. 
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ONCOLOGY 
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In previous work we showed depression of metastasization of a Brown-Pearce carcinoma in rabbits, after 
removal of the primary tumors, under the influence of an antironidase goat serum, Since the subject of the in- 
vestigation is of practical as well as theoretical interest, an extension of the work in this direction is extremely 
important, 


The object of the present investigation was to ascertain whether an antironidase serum, obtained by 
immunization of horses, possesses an inhibiting action on metastasization of a Brown-Pearce carcinoma, 


METHOD 


As donors of antironidase sera we used two horses (mare No, 11 and stallion No, 13), Immunization* of 
the animals was done in two cycles, The first cycle consisted of seven intramuscular injections of ronidase in 
doses of 1.5 to 8 g per injection, As a result of the first cycle of immunization, however, we were unable to 
induce a sufficiently high level of antibody production, The highest titer of antironidase antibodies in the 
McClean~Smirnova reaction was 1: 64, 


The subsequent immunization of the horses was temporarily postponed on account of the development of 
areas of infiltration at the sites of injection of the enzyme into the animals, 


Six months later the horses were reimmunized by means of four intramuscular injections of 6, 15, 20 and 
22.5 g ronidase, with intervals of 5-8 days between injections, During both immunization and reimmunization 
observations were made on the trend of antibody formation, At the moment of appearance of antibodies in a 
sufficiently high titer (on the ninth day after the last injection or ronidase) bleeding was carried out and the 
sera prepared, 


The sera obtained were used for experiments after 2.5 months, The serum of horse No, 13, tested at this 
period by the McClean reaction, suppressed the activity of the homologous enzyme ronidase in a dilution of 
1: 4096, testicular enzyme of the rabbit and guinea pig in a dilution of 1: 256, and testicular enzyme of the 
rat in a dilution of 1: 64, The serum of horse No, 11,depressed the activity of these enzymes in the following 
dilutions respectively: ronidase 1: 1024, testicular enzyme of the rabbit and rat 1: 128 and guinea pig enzyme 
1: 256, 


. * Immunization was carried out at the Gamaleya Institute under the supervision of A, V, Ushakova, to whom 
. we express our gratitude, 
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TABLE 1 


Degree of Metastasization of a Brown-Pearce Carcinoma in Rabbits after Removal of the Tumor and Injection 
of Horse Sera (Sacrificed on the 21st Day after Inoculation of the Tumor) 


No, of 
rabbits 


Weight of 
spermatic 


of metastase* 
per affected 
organ 


of affected 
organs per 
rabbit 


Group of 


rabbits 


Antironidase 

Normal 

No serum 
injected 

The same 


Removed 


Not removed 


* In counting the number of metastases per affected organ, the metastases in the spermatic cord and omentum 
were disregarded, 


Both sera were used in the experiments, which were conducted as follows 39 male chinchilla rabbits, 
weighing 2,5-3,2 kg, were given an injection of 1 ml of a 25% suspension of a Brown-Pearce tumor into the left 
testicle, All the animals were then subsequently divided into three groups of equal weight, On the sixth day of 
development of the tumor, the rabbits of the first group received an intravenous injection of 6 m1 of antironidase 
horse serum, The rabbits of the second group received an injection of the same volume of normal horse serum, 
The animals of the third group received no serum whatever, 


On the seventh day the left testicle of 35 rabbits was removed and examined for the presence of a tumor, 
In four rabbits of the third group (Nos, 5, 90, 65 and 36) the testicle was not removed, and these animais then 
formed the fourth group, 


On the next day, the eighth after transplantation of the tumor, 5 ml of the corresponding serum was in- 
jected intratesticularly into the rabbits of the first and second groups, Subsequently, at intervals of 2 days, each 
rabbit received a further four injections, each of 6 ml, alternately into the right and left posterior muscles of 
the thigh, Thus, altogether 6 injections were given, 2 intravenously and 4 intramuscularly, 


On the 21st day after inoculation of the tumor, 16 rabbits, i.e., 4 from each group, were sacrificed, The 
remaining rabbits were sacrificed onthe 36th day, 


The effectiveness of the action of the sera on metastasization was estimated by the degree to which the 
organs were affected by metastases, As an index of the latter we used the number of organs affected by meta- 
stases, the average number of metastases in one affected organ and the weight of the omentum and the spermatic 

cord, The technique of counting the metastases in the organs was described in detail in the previous paper [1]. 


The results obtained at sacrifice of the animals on the 36th day were treated statistically by the Fisher- 
Student method, The differences were considered significant if the value of P was not greater than 0,05, 


RESULTS 


As the figures in Table 1 show, on the 21st day after transplantation of the tumor, in the rabbits from which 
the primary focus had been removed and which had received injections of normal horse serum (second group) 

and also in the rabbits which had received no treatment whatever (fourth group) the average number of affected 
organs was 5,7 and 4,7 respectively, 


In the rabbits receiving antironidase serum (first group) the value of this index at this time was lower (3,2), 
although it did not differ from that in the group of animals not receiving serum after removal of the tumor (third 
group), for which it was (3.0). 


Comparison of the mean indices of the number of metastases per affected organ shows that the density of 
metastasis formation in the organs of the experimental group (first group) was the lowest (8,3) in relation to all 


Mean number | Meannumber | Weight 
omentum | cord 
(in g) (in g) 
First 4 3.2 8.3 15, 6,0 
Second 4 5.7 20.1 25.7 6.0 
Third 
a 4 3.0 25.1 37 10,1 
Fourth 4 4,7 44,6 24,2 
4 
AG 
i 
po 
| 
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the control group (including the third group), in which the average number of metastases was 20.1 (in the second 


TABLE 2 


Degree of Metastasization of a Brown-Pearce Carcinoma in Rabbits after Removal of the 
Tumor and Injection of Horse Sera (Sacrificed on the 36th Day after Inoculation of the 


Tumor) 


5 Spermatic cord 
g : involve- |,; involve wt. 
& iment (ing) [ment g) 
| 
- | 24,0 | 1,5 
12 | | _ | ++ | 80) — 1,0 
2,0 — + 3,0 
First |Re- | Anti- | 4/3 + | 45) + | 
42 | 7 4,6 + + =e 
moved ronidase 30 | 8 | 25:6 | + 4: 
7 9 11.4 | ++ | 40,0 | + 7,0 
2 9 15.0 +4 |74.5| +4 | 26,5 
| 
| 16 | 13,0 20 
23 12,5 | + | 150) +. | 60,0 
6 = 26,6 | + 41,0) ++ | 45,5 
Second | Re- |Normal 52 ae 30,2 ++ 74,0) ++ 67,0 
oved 81 8 | 34,8 | +++ | 141,0) +4 | 35,0 
| 70 10 | 47,4 | | 225,0) ++ | 76,0 
| 75 i 84,5 +++ | 190;0) +4 | 28,0 
| 57] 162,3 | +++ | 1620) ++ | 55,0 
Mean | 6,5 | 44,5 | | 96, 551 | 41,2 
| 


} | 
| 7 20,2 12,0) 
Third Re- 'No serum | Tr 
55 11 48,5 | +++ | 150,0) +4 60,0 
| | | 9 | 1858/0 +44 | 185;01 44 | 36,0 
Mean 36 | 72,6 | | 92,4 | | 41,7 
| | 


Conventional signs: — metastases absent; + few metastases (from 1 to 10); ++ multiple 


metastases (from 11 to 50); +++ metastases could not be counted (large, confluent nodules 


of metastases), 


*In counting the mean number of metastases per affected organ, the metastases in the 
spermatic cord and omentum were disregarded, 


group), 25,1 (in the third group) and 44,6 (in the fourth group). 


(15 g against 25,7, 37.0 and 24,2 g in the controls), 


10.1 g) than in the first and second groups (6,0 g). 


Pearce tumor which we used possessed high virulence, 
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Involvement of the omentum was also least pronounced in the animals of the first (experimental) group 
The development of the tumor in the spermatic cord was more marked in the third group (average weight 


Since in the fourth group (technical control) the testicle with the tumor was not removed, no comparison 
of the degree of involvement of the spermatic cord was made, It should be pointed out, however, that in all the 
rabbits of this group the tumor developed and reached considerable dimensions (weigh. of the testicle with the 
tumor in rabbits No, 5 ~ 24 g, No,36— 18 g, Nos, 90 and 65-12 g). This indicates that the strain of Brown- 
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In Table 2 we give the results showing the degree of metastasization of the Brown-Pearce carcinoma in the 
rabbits at the time of their sacrifice on the 36th day, It should be pointed out that three rabbits died earlier than 
the stated period (rabbit No, 57 on the 24th day, No, 87, on the 25th day and No, 70 on the 35th day), Since these 
rabbits died as a result of intensive metastasization of the tumor, we considered that they could be included in 
this table, One rabbit (No, 56) died from an accidental cause and was not included in the experiment, 


The experimental results also showed that the highest number of affected organs (8.6 of the 12 organs ex- 
amined) was observed in the third group of animals, which received no serum, and the lowest was found in the 
first group — in the rabbits receiving antironidase serum (5,1 organs), In the rabbits of the second group, which 
received injections of normal horse serum, the average number of affected organs was 6.5, 


The smallest number of metastases per affected organ was observed in the rabbits of the experimental 
group ~ 7,9, whereas in the second jroup, after injection of normal horse serum, the number of metastases was 
47,5 and in the third group, in which the rabbits received no serum, it was 72,6, The statistical differences 
between the results for the first and second, and the first and third groups are significant (in the first case P = 
= 0,053, in the second P = 0,005), Meanwhile, the injection of normal serum led to no significant decrease in 
the number of metastases, The difference between the mean values for the second and third groups is not signi- 
ficant (P = 0,384), This demonstrates that the degree of involvement of the organs with metastases was least 
after injection of antironidase serum, 


The same relationship was observed when a comparison was made of the weight of the omentum and of the 
spermatic cord in the experimental and control animals (since the weight of the omentum and of the spermatic 
cord depends on the degree of development of metastases of the tumor therein), The weight of the omentum in 
the first group (experimental) was 27,9 g, in the second group 96,5 g and in the third group 92,4 g, The probability 
of a chance difference between the indices of the first and second and of the first and third groups is significant 
(in the first case P = 0,036 and in the second P = 0,030), but that between the indices of the second and third 
groups is not significant (P= 1), The weight of the testicle in the rabbits of the first group was 13,7 g, in the second 
group 41,2 g and in the third group 41.7 g. The difference between the indices in the first and second groups is 
significant (P = 0,024), whereas that between the indices of the second and third control groups is not significant 
(P = 1,0). 


The injection of antironidase horse serum thus affords considerable protection against the development of 
metastases, This was reflected in the decrease in the number of metastases in the organs of the animals receiving 
antironidase serum by roughly 5,6 times compared with animals receiving injections of normal horse serum and 
by 9,2 times compared with the animals receiving no treatment. Moreover, in the animals receiving antironidase 
serum, metastasis formation in the omentum and spermatic cord was minimal, A slight decrease in the incidence 
of involvement of the organs by metastases was also observed, 


SUMMARY 


Antironidase serum was obtained by immunizing 2 horses with ronidase, This serum was tested on rabbits 
after removal of a Brown-Pearce tumor, Metastasization was depressed by this serum: there was a reduction of 
the mean number of metastases in the affected organs, of the degree of metastasization in the omentum and 
spermatic cord, as well as of the number of organs affected by metastases, 


LITERATURE CITED 
1, I, N, Maiskii and N, A, Kozlova, Byull, Eksp. Biol, Med, 50, 10, 101 (1960),* 


* Original Russian pagination. See C, B, translation, 


1181 


J 
q 
4 
4 


CHANGES IN THE DISTRIBUTION OF HYALURONIDASE 
IN ANIMALS AFFECTED BY TUMORS AS A RESULT 
OF THE ACTION OF AN ANTITUMOR SERUM 


L. Biryukova 


Department of Pathological Physiology (Head — Prof. V. A. Chepurin), 
Stavropol’ State Medical Institute (Dir, — Prof. V. G, Budylin) 

(Presented by Active Member AMN SSSR N, N, Zhukov-Verezhnikov) 
Translated from Byulleten’ Eksperimental'noi Biologii i Meditsiny, Vol, 50, 
No, 11, pp. 90-95, November, 1960 

Original article submitted July 27, 1959 


In papers by several authors [2-5] there are reports that the development of a neoplasm in animals and 
man is accompanied by the appearance of the enzyme hyaluronidase in the blood and tissues, It has also been 
observed that hyaluronidase is a factor responsible for the infiltrating character of the growth of a neoplasm and 
for the degree of its metastasization, 


The aim of our research was to investigate the appearance of hyaluronidase and its distribution in the organs 
during the development of a tumor, and to study the changes in this distribution under the influence of certain 


therapeutic factors, 


METHOD 


Rabbits were used as experimental animals, Preliminary experiments on healthy animals showed the ab- 
sence of hyaluronidase in their organs and tissues, Further experiments were carried out on 59 rabbits, of which 
44 were experimental and 15 control, 


A 20% supspension of cells of a Brown-Pearce tumor in physiological saline was inoculated into the left 
sex gland of all the rabbits, On the 12th day, when growth of the tumor could be observed in the primary focus, 
together with involvement of the internal organs, injections of Prof. V. A. Chepurin's [5] anticancer serum were 
begun, in a dose of 0.3 ml/kg body weight. The serum was injected subcutaneously twice a week, At different 
periods of treatment animals were sacrificed and their organs and tissues investigated for their hyaluronidase con- 
tent by the McCline ~Smirnova method, Extracts of the various organs were mixed in definite proportions with 
hyaluronic acid and.incubated for 30 minutes, After cooling, 15% acetic acid was added, and the reaction was 
regarded as positive (indicating the presence of hyaluronidase in the organs) if no mucin clot was formed in the 
precipitate, If a clot appeared, the reaction was considered to be negative, In order to denote involvement of 
the organs with metastases and the presence therein of hyaluronidase, certain conventional signs were adopted 
(see Table 1), 


At the same time blood films were periodically taken from the animals for the differential white cell 
count, and blood was also taken for determination of the total white cell count, 
RESULTS 


It was shown that the largest quantity of hyaluronidase was present in the organs and tissues of the animals 
of the control group, which received no anticancer serum, These animals also showed a total leukocytosis, and 
the leukocyte formula revealed a neutrophilic leukocytosis and lymphocytopenia, The animals of the control 
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group lost 30-40% of their original weight (Table 1), In the animals of the experimental group the largest 
quantity of hyaluronidase was observed in those cases in which the animals received only one or two injections 

of anticancer serum. As the number of injections of anticancer serum increased in these animals, the metastases 
disappeared from their organs and their hyaluronidase content became smaller until it reached a minimum value, 
and in animals which received 5-6 injections of the therapeutic serum the hyaluronidase disappeared altogether 
(Table 2), The duration of survival of these animals increased and they ceased to lose weight. Study of their 
blood picture showed a decrease in the original leukocytosis, which gave way in the course of treatment to a re- 
duction in the total white cell count but in the leukocyte formula the neutrophilic leukocytosis was gradually 
replaced by a lymphocytosis, 


SUMMARY 


An attempt was made in this work to trace the dynamics of hyaluronidase distribution in the body during 
the development of a Brown-Pearce tumor, and the changes in the hyaluronidase level in the organs following 
administration of anticancer serum, Preliminary experiments on healthy animals demonstrated the absence of 
hyaluronidase in their blood and organ tissues, With pronounced metastases, a marked positive reaction to the 
presence of hyaluronidase was seen in the blood serum and extracts of various organs (liver, kidneys, gonads, etc.) 
of experimental animals, With gradual resorption of the tumor nodes, resulting from the action of V, A, Chepurin's 
cancer antiserum, the amount of hyaluronidase in the organs and tissues declined; after the resolution of the nodes, 
hyaluronidase disappeared completely, As time went on some changes were also noted in the other indices in 
connection with the cancer antiserum administration, The blood picture showed a tendency to normalization, 
and the loss of weight, which was initially marked, was arrested, 


LITERATURE CITED 
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THE EFFECT OF PNEUMOTHORAX ON METASTASIZATION 
OF A BROWN-PEARCE TUMOR IN THE LUNGS OF THE RABBIT 


V. D. Vinogradova 


Pathophysiological Laboratory (Head ~ Candidate Med, Sci, I, P, Tereshchenko) 
of the P, A, Gertsen State Oncological Institute (Dir, — Prof. A. N. Novikov, 
Scientific Director — Active Member AMN SSSR Honored Scientist Prof, 

A, I, Savitskii), Moscow 

(Presented by Academician V, N, Chernigovskii) 

Translated from Byulleten’ Eksperimental' noi Biologii i Meditsiny, Vol. 50, 
No. 11, pp 95-99, November, 1960 

Original article submitted November 16, 1959 


Experimental researches conducted in A, D, Speranskii's laboratories have shown that the course of meta- 
stasization is dependent upon the place and time of application of a superimposed nerve injury and also on the 
character of such an injury (6, 7, 8, 13, 16-19]. By changing the trophic state of the tissue in the corresponding 
organs, these factors create conditions favoring the development or nondevelopment of metastases, 


Our work was undertaken in accordance with the planned further development of these researches, We 
studied the role of changes in the functional state of the lungs in the process of metastasis-formation, on the 
assumption that a change in the functional state leads to corresponding trophic changes and, hence, to changes 
in the growth of the tumor, 


In the accessible literature, both Soviet and non-Soviet, we found no work on the study of metastasization 
in the lungs under different functional conditions. 


METHODS 


The present investigation was conducted on 102 male rabbits weighing 2,0-2.5 kg, inoculated with a 
Brown-Pierce carcinoma, In experimental oncology it is known that the highest proportion of successful inocula - 
tions and of metastasization in the internal organs is given by intratesticular transplantation of a Brown-Pearce 
carcinoma [2, 11, 15, 21, 23]. For this reason, for the study of the metastasization of this tumor in the lungs we 
used intratesticular transplantation, The changes in the functional state of the lungs were brought about by the 
induction of a unilateral artificial pneumothorax, 


We conducted two series of experiments, In the first series 82 rabbits were used, 42 experimental and 40 
control animals, The experimental rabbits underwent induction of an artificial tension pneumothorax on the 
right side, For this purpose 75 cc of air was introduced into the pleural cavity by means of a Kachkachev appa- 
ratus, One hour after induction of the penumothorax, a Brown-Pearce tumor was transplanted into the left testicle 
of all the rabbits (experimental and control) in a dose of 0,5 ml of a 20% tumor emulsion, Throughout the sub- 
sequent duration of the experiment, four insufflations of air were given into the right pleural cavity of each ex- 
perimental rabbit, in volumes of 75 cc at intervals of 5 days, in order to maintain the lung in a collapsed con- 
dition, On the 26th day of the experiment all the rabbits were sacrificed and autopsied in order to study the 
process of metastasis formation, The development of metastases was determined in accordance with the pre- 
sence of tumor nodules visible to the naked eye. Metastasization was studied in the mesentery and the serous 
membrane of the large and small intestine, the parietal peritoneum, the diaphragm omentum, kidneys, adrenals, 
liver, and lungs, For convenience of comparison of the degree of metastasization in the various organs of the 
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Fig. 1. Degree of in- 
volvement of organs 
by metastases of a 
Brown-Pearce tumor, 
Closely shaded part — 
degree of metastasiza- 
tion in the pneumothorax 
experiment; lightly 
shaded part — degree of 
metastasization in 
controls, 


Fig. 2. Distribution of meta- 
stases of a Brown-Pearce tumor 
in the lungs after induction of 
an artificial tension pneumo- 
thorax on the right side, 


experimental and control animals, we used a conventional 
numerical notation for the metastases in accordance with 
their size and number, As regards size: small — under 
0,2 cm, average — from 0,2 to 0,5 cm and large — over 
0,5cm; as regards number underten, average 
from 10 to 30, and multiple — over 30, The conventional 
numerical notation was as follows; few small metastases were denoted by 1 point, an average number of small 
metastases — 2, multiple small metastases ~ 3 points; few average-sized metastases — 2 points, an average number 
of average-sized metastases ~ 4 points and multiple average-sized metastases ~ 6 points; few large metastases 
were denoted by 3 points, an average number of large metastases — 6 and multiple large metastases by 9 points, 
We then added together the figures of metastasization thus obtained organ by organ, and deduced the mean indices 
calculated in terms of one rabbit, In this way we constructed the diagrams which are reproduced below, Our 
results were treated statistically by the method of probability of the presence of a correlation by calculation of 
the coefficient of association x*, This method serves to determine the adequacy and the reliability of the experi- 
mental material, 


The second series of experiments was undertaken in order to exclude the possibility of inequality in the 
accumulation of tumor cells in the normal and collapsed lung, For this purpose we transplanted equal volumes 
of Brown-Pearce tumor emulsion simultaneously into the right and left lungs, and then induced a unilateral 
artificial pneumothorax, 


We carried out the simultaneous transplantation of Brown-Pearce tumor into the lungs of 20 rabbits, in a 
dose of 0,3 ml of 20% tumor emulsion in each lung. The transplantation was done as follows: along the course 
of the seventh rib, in the right and left axillary regions, skin incisions 2 cm long were made, The subcutaneous 
tissues, the latissinus dorsi and serratus muscles were divided on both sides and the thorax was exposed, Along the 
outer edge of the longissinus dorsi muscle, in the seventh intercostal space, a needle was introduced on each side 
to a depth of about 0,4 cm, The tumor suspension of Borwn-Pearce rabbit carcinoma was carefully inoculated 
beneath the visceral pleura, 


An artificial pneumothorax was immediately induced on the right side in 13 rabbits by introduction of 75 
cc of air into the pleural cavity, The left lung, with no pneumothorax, acted as a control, The remaining 
seven rabbits were controls, Five days after induction of the artificial pneumothorax, 75 cc of air was insufflated 
into the right pleural cavity of the experimental rabbits, Ten days after transplantation of the tumor, both 
experimental and control animals were sacrificed autopsied and the lungs carefully examined, 
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RESULTS 
Control 


In the first series of experiments with intratesticular im- 
plantation of the Brown-Pearce tumor, the transplantation was 
successful in 79 rabbits, In two rabbits of the experimental group 
and one of the control group the tumor did not take, In the ex- 
perimental group metastasis formation took place in 39 of 40 
rabbits, and in the control group, in 35 of 39 rabbits. Differences 
were observed in the metastasis formation between the experiment- 
al and control animals: in the rabbits of the experimental group 

Fig. 3, Degree of metastasiza- the degree of metastasization in the organs was less than in the 

tion of a Brown-Pearce tumor in controls (Fig. 1), The difference in metastasization was statistically 
the lungs, a) Experiment; significant. The value of x? = 25.95 and 9 = 5, On the basis of 
b) controls, Closely shaded part Fisher's x” table, P for these values is considerably smaller than 

— metastasization in the left lung; 0,01, Consequently, the change in the functional state of the lung 
lightly shaded part — metastasiza - as a result of the induction of an artificial tension pneumothorax 
tion in the right lung. The columns brings about a decrease in the degree of metastasization in the 
represent the mean indices of organ, 

metastasization in the lung for each 
group and are calculated in terms 
of one animal, 


Metastases were present in the lungs in 20 of the 39 rabbits 
in the experimental group, A distinctive feature of their distribu- 
tion was that the left lung was more severely affected by meta- 
stases (the metastases in the lung were both larger and more 
numerous) than the right, collapsed lung (Fig. 2). In the control group metastases in the lungs were observed in 
16 of 35 rabbits, Their distribution by number and size was the same in both lungs, It will be clear from Fig. 3 
that the degree of metastasization in the lung affected by the pneumothorax was only 40% as high as that in the 
opposite lung. The difference in the degree of metastasization is statistically significant. The value of x? = 
= 19.73, n = 5, The probability P corresponding to these values is much less than 0,01, 


The study of the development of metastases in the lungs when the functional state of one of them is modi- 
fied by the induction of an artificial tension pneumothorax thus revealed a weaker development of metastases in 
the collapsed lung. 


In the second series of experiments with transplantation of a Brown-Pearce tumor in both lungs, in all 13 
experimental animals the development of a tumor was observed in the left lung, whereas in the right lung the 
tumor completely failed to develop in 4 rabbits, in 7 it was much smaller than in the left, in one rabbit the tumor 
was the same size in both lungs and only in one rabbit was the tumor in the right lung significantly larger than in 
the left, In the control animals tumors developed in both lungs and in 6 rabbits they were perfectly identical in 
size, Only in one case was the tumor in the left lung significantly larger than that in the right. Thus in the over- 
whelming majority of animals, the tumor developed more rarely in the right lung and grew more slowly than in 
the left lung, which was not affected by pneumothorax, in spite of the fact that an equal volume of tumor cells 
was introduced into the two lungs, 


It is impossible to explain the weaker development of metastases in the collapsed lung by the possibility 
of the mechanical effect of tissue compression, Admittedly, it has been considered until recently that the filling 
of the pleural cavity with air places the lung in a state of compression and completely or partially excludes it 
from the function of respiration, Modern physiological and clinical findings do not fit in with the old ideas of the 
biomechanics of the lungs in pneumothorax, Work by several authors [1, 3, 4, 5, 9, 10, 14, 20, 22] has shown 
that, after the induction of an artificial pneumothorax, the ventilation of the lungs is not diminished but in- 
creased and the compressed lung accomplishes considerable respiratory excursions, 


G, E, Platonov [12] has shown that after induction of an artificial pneumothorax the cell respiration in the 
collapsed lung is intensified, with an increase in the catalase, and, to a lesser degree of the peroxidase activity 
and a moderate increase in glycolysis, The increase in the oxidative processes leads to activation of bacteriolysis 
and phagocytosis, 


From the foregoing remarks we may postulate that unfavorable conditions for the development of metastases 
and also for developement of the primary tumor are created in the lung when it is in a state of collapse as a result 
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of the induction of a pneumothorax, in consequence of changes in its biological functions and in its associated 
metabolic processes, Furthermore, the change in the functional activity of the lung must inevitably lead to 
some degree of modification of the general metabolism of the body, which in turn may be responsible for the 
diminution of the degree of metastasization in various organs, This factor may be associated with changes in 
the resistance to growth of tumors, 

These results are evidence of the important role of the functional state of organs in the process of meta- 
stasization, 


SUMMARY 


Studies of the development of metastases in the lungs after changes in the functional state of one lung 
caused by induction of an artificial pneumothorax, demonstrated a less pronounced development of metastases 
in the collapsed lung and reduction of metastasization into organs, The data obtained point to the important role 
played by the functional condition of organs in the process of metastasization, 
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AFTER ONE-STAGE REMOVAL OF THE ENTIRE LEFT LUNG 
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During the last 10-15 years both abroad [14, 19] and in the Soviet Union [1, 10, 13] one-stage bilateral 
operations for removal of up to 50-60% of functioning lung tissue have been successfully performed, It is, 
therefore, particularly important to investigate the compensatory powers both of the body as a whole and of the 
residual lung [2, 3, 5, 7, 11, 12, 16], Insufficient attention has been paid, however, to the study of the compen> 
satory mechanisms brought into play during exclusion of the greater part of the respiratory surface, For instance, 
contradictory conclusions have been reached regarding the character of the changes in the residual lung, 


In the opinion of a number of authorities (9, 17, 20], after extensive resections emphysema develops in the 
lung, and this gradually leads to functional atrophy of the organ, 


On the other hand, investigations by B, G. Gol'dina [6], A. A. Birkun [4] and 1, K,Esipova and E, V. 
Ryzhkov [8] have shown that the compensatory, adaptive changes in the residual lung after resection are expressed 
morphologically by the opening up of physiological atelectases, the enlargement of the alveoli and hypertrophy 
of the interalveolar septa, the regeneration of the elastic framework of the alveoli and the formation of new 
capillaries etc, 


Tiemann [21], Cohn [15] and Hilber [18] cite data showing that the formation of new alveoli may occur, 
and stress the importance of this process in the restoration of the removed lung tissue, 


The aim of the present investigation was to investigate the changes in the size of the alveoli and in the 
functional capacity of the hypertrophied alveoli, i.e., to obtain numerical data relating to the morphological 
characteristics of the process of regeneration after extensive resections, 


METHODS 


The experiments were carried out on sexually mature male rats weighing 197-324 g, kept on the usual 
briquette diet of the institutions of the AMN SSSR, Under ether anesthesia, and observing the rules of asepsis and 
antisepsis, the diaphragmatic lobe of the lung was exteriorized through an incision in the sixth intercostal space 
by means of fenestrated ophthalmic forceps, A silk ligature was applied to the hilum of this lobe, and the lobe 
was excised by cutting through the parenchyma of the lung with scissors, After the muscles and skin had been 
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TABLE 1 


Number of Animals Used at Various Periods after Operation 


Period after operation 


Total 
Number of animals used animals 


Experimental 
Control 


13 
7 


closed in layers with silk sutures, an incision was made in 
the fifth intercostal space on the left, and the left lung ex- 
cised by the method, described above, Disulfan powder was 
sprinkled inside the chest, Since the left lung accounts for 
36.8% by weight, and the diaphragmatic lobe of the right 


f é matic lobe of the right lung, in practice we removed about 
63% of the lung tissue, In order to evaluate the results ob- 
Fig. 1. Types of alveoli measured and their tained, 79 rats were investigated, The periods of investiga- 
parameters, 1) Alveolus of closed type: tion were: 17 days, 1, 3, and 6 months (Table 1). 
a) Giemeten A comparative appraisal of the state of the lung as a 
mater ~ & Hine whole (its volume and dimensions) and, in particular, of its 


maximum diameter; 2) alveolus of open type: 
R) width of inlet to alveolus ~ a line joining 
the ends of the open outline; h) depth of the 
alveolus — a line perpendicularly bisecting R, 


of the interaiveolar septa, etc,) may be obtained only if 
certain rules of fixation are observed, For this reason the 
sacrifice of the animals and fixation of the lungs were 
carried out as follows, Under ether anesthesia the trachea 
was dissected out and, at the moment of inspiration corresponding to the maximv: volume of the lungs, a 
ligature was applied to it, The chest was then opened with care, in order not to injure the lungs, A 7% glucose 
solution was then injected under a pressure of 30-35 mm Hg through a cannula introduced through the incision 
into the right ventricle of the heart and the pulmonary artery, until the bulk of the lung tissue had become pale 
pink in color, indicating that the lung capillaries were free from blood, The drainage was effected through an 
incision in the left ventricle, Under the same pressure, Susa’s fixing solution was injected into the pulmonary 
vessels until the tissues had become pale, indicating that the solution had penetrated into the capillaries, The 
heart-lung tissue-complex was extracted from the chest and immersed in the fixing solution for 24 hours, after 
which the lungs were treated in the usual way, Before the volume of the lobes was determined the lungs were 
placed in 70° alcohol untiltheysank to the bottom of the vessel, indicating that the air had been expelled from 
most of the alveoli by the alcohol, The volume of the lungs was determined by the volume of 70° alcohol ex- 
pelled into a graduated cylinder, The upper lobe of the right lung, facing in the same direction in every case, 
was embedded in paraffin wax and sections of it were cut to a thickness of 7,15 and 25y. The sections were 
stained with hematoxylineosin by Mallory'’s method and with fuchsin by Weigert's method, To define the histo- 
logical characteristics of the lungs, ten animals were studied (5 experimental and 5 control) at each period, By 
means of an Abbe drawing apparatus, under magnification of 400 times, from the sections cut to a thickness of 
25u the outline of 100 alveoli of closed type and 100 alveoli of open type were traced on paper (Fig. 1), By 
using such a large number of alveoli it is possible to smooth out the differences in their dimensions resulting 
from differences in the degree of stretching of the alveoli in different areas of the lobe, The area of the closed 
alveoli was calculated from the fomula for the area of an ellipse (S = 1 ab), having first measured the maximum 
diameter of the alveolus and the line perpendicularly bisecting this diameter, In order to describe the alveoli of 
open type, two measurements were taken: R~ the width of the inlet to the alveolus and h— the depth of the 
alveolus, i.e,, a line perpendicularly bisecting the line closing the inlet to the alveolus (R), The values of these 
measurements were used to determine the volume of the alveoli from the formula for the volume of a segment 


lung 25,7 by weight of the whole lung tissue, in our opera- 
tions of one-stage removal of the left lung and the diaphrag- 


morphologic il structure (dimensions of the alveoli, thickness 


— Group of animals 7 days ; 
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TABLE 2 


b Changes in the Volume of the Residual Lobes of the Right Lung at Different Periods after 
Operation 


Group of SS | Be] 
Experimental 
Control 
Experimental 
Control 
Experimental 
4 Control 
Experimental 
Control 
q TABLE 3 
3 Changes in the Area and Volume of the Alveoli and the Thickness of the Interalveolar 
‘° Septa and in the Number of Alveoli in the Upper Lobe at Different Periods after 
Operation 
lvolume of Volume of | Number of | Thickness of 
of upper alveolus alveolus |alveoliin | of interalveolar 
in (in 13) upper lobe | septa (in 1) 
a Experimental | 74 | 1,40 | 3576 140 x 103 | 10x 105 : 
Control ays 0, 2435 81x 108 6,9 108 
a Experimental 5 6763 322 103 | | 
Control 0,65 3187 128 103 
Experimental | . | 2,37 6373 256 10? | 
Control | 3months | 9) 2713 80< 103 
a Experimental | | 6763 329 x 108 
Control months | 55 2303 69x 10° 
4 of the sphere: 
2 R 
4 In order to solve the problem of the number of alveoli, the volume of the lobe was divided by the mean 


{+4 volume of one alveolus, In each case we measured the thickness of 50 interalveolar septa throughout the sec- 
tion from the upper lobe by means of an ocular micrometer, 


RESULTS 


One week after the operation the residual lobes (upper, middle and accessory) of the right lung had already 
q increased in volume by comparison with the analogous lobes of the lungs of control rats, The degree of enlarge- 
ment of the lobes varied at different times (Table 2), 
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7 days 1 month 3 months 6 months 7 days 1 month 3months 6 months 


Fig, 2, Changes in the volume of the indivi- Fig. 3. Thickness of the interalveolar septa 
dual alveoli of the right lung at various periods of the right lung at various periods after 
after operation, K) controls; O) experimental, operation, K) controls; ©) experimental, 
The more lightly shaded part of the column ' The more lightly shaded part of the column 
represents the increase in volume over that of represents the increase in thickness over that 
the controls, of the controls. 


Seven days later the enlargement of the upper lobe amounted to 150%, the middle lobe 108, 4% and the 
accessory lobe 120% over the volume of the corresponding lobes of the lungs of the control rats, It it is re- 
membered that the total volume of the lobes left behind at operation amounted on the average to 1,87 cc, then 
the increase in their volume was 2,33 cc (4,20-1.87 cc), i.e., 2.2 times, The volume of the operated lung, 
however, still had not reached the volume of both lungs of the control animals (Table 2), One month later, the 
remaining lobes of the right lung were so enlarged that they occupied the whole thoracic cavity, displacing the 
heart to the left, The operated lung not only had reached the volume of the right lung of the control animals, 
but was actually 15,5% larger in volume than both lungs together of the control animals, Subsequently (3 and 
6 months later) a further increase in volume took place, but this was relatively slight. 


It may be postulated that the increase in the volume of the residual part of the organ is the result: 1) of 
an increase in the volume of the remaining alveoli and of hypertrophy of the interalveolar septa, following 
cellular hyperplasia and an increase in the number of elastic fibers and capillaries; 2) of the opening up of 
physiological atelectases and subsequent hypertrophy of both the newly opened and the previously functioning 
alveoli, with preservation of the normal morphological structure of the interalveolar septa; 3) of mechanical 
stretching of the alveoli with thinning of the interalveolar septa and emptying of the capillaries, leading to the 
development of emphysema, Finally, the possibility is not excluded 4) of the formation of new alveoli, the 
functioning of which may also influence the volume of the operated lung. 


Since the increase in the volume of the individual lobes of theremnant of the lung was roughly the same, 
we shall subsequently use only the results obtained from the study of the upper lobes, assuming that analogous 
changes took place in the other lobes, 


Analysis of the results obtained by measurement of the alveoli showed that at early periods after operation 
a considerable increase was already taking place in the area and volume of the alveoli (Table 3), 


On the basis of these findings and of measurement of the volume of the upper lobe, we provisionally cal- 
culated the number of alveoli in the upper lobe, 


Seven days later the mean volume of one alveolus was increased 1,7 times, As the postoperative period 
advanced a further increase in volume was observed: after one month the mean volume of one alveolus was 
2.5 times, after 3 months 3,2 times and after 6 months 4,7 times greater than the mean volume of one alveolus 
of the lungs of the control animals, as is shown graphically in Fig, 2. 


Besides the increase in the volume of the alveoli, mention must be made of the hypertrophy, admittedly 
very slight, of the interalveolar septa (which is illustrated in Fig, 3), which were rich in cells and capillaries, 
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On examination of the entire lobe areas of emphysematous change in the parenchyma of the lung could 
be seen, with grossly dilated alveoli, the walls of which were thinned and lacking in capillaries. These areas 
were mainly found at the periphery of the lobe and occupied a comparatively small space, 


The increase in the volume of the residual part of the organ evidently took place not only on account of 
the true hypertrophy and emphysema of previously functioning alveoli, but also as a result of the development of 
“new” alveoli, For instance, after seven days, the number of alveoli in the upper lobe of the lung of the experi- 
mental animals, according to our calculations, was greatcr by 3,1* 10° on the average than the number in the 
upper lobe of the lung of the control rats, Since the mean volume of the alveolus at this period was 140 X 10°, 
it may be considered that the addition of a number of alveoli in the early periods after operation takes place 
as a result of the opening of physiological atelectases, with the subsequent hypertrophy of the alveoli, and not 
on account of the formation of new alveoli, for the dimensions of such newly developing alveoli would be smaller, 
We cannot categorically deny that the formation of new alveoli is possible, 


If this process does take place, however, it cannot be the principal mechanism of regeneration of the in- 
jured organ, 


It may be concluded from these results that a leading part in the process of recovery after resection of a 
considerable proportion of the lung tissue is played by the reconstruction of the parenchyma of the residual part 
of the organ, accompanied by the opening up of physiological atelectases, by an increase in the volume of both 
the previously functioning alveoli and of those newly opened up, by an increase in the thickness of the interalveolar 
septa, by cell hyperplasia and by the formation of capillaries, The appearance of foci of emphysema in the 
operated lung is not a dominant sign of the process of morphological reconstruction, 


Because the increase in the volume of the residual lung, when caused by injury, is mainly the result of hyper- 
trophy of the structural units of the organ — the alveoli~ and also of proliferation of the cells of the interalveolar 
septa and of an increase in the number of capillaries, and because it is regenerative in character this process 
may be described as regenerative hypertrophy, a characteristic form of regeneration of many internal organs. 


SUMMARY 


In 42 white rats the left lung and the diaphragmatic lobe of the right lung, which represented 63% of the 
total lung tissue, were removed, Measurement of the thickness of the interalveolar septa of the volume of the 
alveoli and their number at different periods after the operation showed that in the process of compensatory re- 
adjustment of the pulmonary parenchyma the main role belongs to “regenerative hypertrophy,” which is character- 
ized by a considerable increase of volume of the remaining part of the lung. The latter is a result of an increase 
of volume of the already functioning and of the newly opened alveoli, of thickening of the interalveolar septa of 
hyperplasia of the cellular elements and of the formation of new capillary vessels, 
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Changes in the intensity of cell proliferation in the tissues arising after trauma are not confined to the 
site of injury. For instance, after injury to the liver or extirpation of part of the organ, considerable intensifi- 
cation of cell proliferation takes place not only close to the wound surface but also in other lobes of the liver not 
affected by the injury [1, 7]. If a burn is inflicted on one comea in rats, changes take place in the number of 
mitoses in the intact cornea of the opposite eye [6]. The regular changes in mitotic activity in the epidermis 
of rats arising after infliction of a skin wound are accompanied by changes of a similar nature in the number of 
mitoses in symmetrically opposite areas of intact epidermis [5], The regenerative processes arising as a result 
of trauma and reflected in the mitotic activity of the tissues thus affect the intensity of physiological regenera- 
tion of injured tissues, M, A, Vorontsova and L, D, Liozner [2] have developed the view that the recovery pro- 
cesses in reparative regeneration are based on the power of the tissues to undergo physiological regeneration, 
and stress that very little research has been done into the problem of establishing a relationship between these 
processes, This makes it difficult to analyze the relationship between the restorative processes in physiological 
and reparative regeneration, The problem of how the level and character, for example the diurnal rhythm, of 
mitotic activity varies in different tissues when a focus of reparative regeneration is present in the body is an- 
other which has been insufficiently investigated, 


The aim of the present work was to study the changes in the mitotic activity of the epithelium of the 
cornea and epidermis in mice after extensive injury to the liver, 


METHOD 


The experiments were conducted on white mice, from which the left lateral and central lobes of the liver 
(60-70% of the organ) had been removed, The animals were sacrificed by decapitation on the second and third 
days after operation, at 6 A.M., 9 A.M., 3 P.M., 3 A.M,, and 6 A, M, At each of these times 5 experimental 
and 5 control animals were studied,* 


The material for histological examination was fixed in Zenker's fluid, Total preparations were made 
from the corneas of both eyes, and stained with hematoxylin by Carazzi’s method, The concha of the external 
ear, cut longitudinally from base to apex, was embedded in celloidin-paraffin wax, and sections were cut to a 


* The work was carried out on the same animals as were used for the investigations by L, D, Liozner, Z, A, 
Ryabinina and V, F, Sidorova [7] into the pattern of the mitotic activity of the liver during its reparative re- 
generation, 
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Mitotic coefficient 


Control 


- Experiment 


15 
Time of day (hours) 


Changes in the mitotic coefficient in the corneal epithelium 
(a) and in the epidermis (b) of the experimental and control 
mice, 


thickness of 81, These sections were also stained with Carazzi's hematoxylin, All the sections were examined 
under an immersion objective 90X and an ocular 7X, 


The mitoses in the cornea were counted on both sides of two mutually perpendicular lines drawn on the 
slide and intersecting at the center of the cornea, In addition to the mitoses in various areas of the comea, in 
certain fields of vision of the microscope we counted all the cells in order to calculate their mean number per 
field of vision, In each cornea the mitoses were counted in 120-140 fields of vision. 


The mitoses and cells in the epidermis of the ear were counted on both the external and internal surface 
of the conchae in 40 fields of vision, on each side, starting from the tip of the auricle, On the average there 
were 7000-9000 cells in each case, 


For both the epidermis and the corneal epithelium we calculated the mitotic coefficient — the number 
of mitoses found per 1000 cells, The figures obtained were treated statistically by the Fisher-Student method, 


RESULTS 


Corneal epithelium, The results of the counting of the mitoses in the corneal epithelium of the experi- 
mental and control animals are shown graphically in the figure, The curves show that the mitotic activity in 
the corneal epithelium of the animals of both groups underwent regular changes in the course of the 24 hours, 
The highest mitotic activity was observed at 6 A.M.,, after which it gradually fell and, nine hours later, i.e., 
at 3 P,M,, it reached its minimum, This fall in the number of mitoses in the time interval between 6 A,M, and 
3 P.M, was statistically significant (for the group of control animals P = 0,001 and for the experimental group 
P= 0,01), The mitotic activity then gradually increased, In the group of control animals it reached its maximum 
at 3 A.M, and remained at this level until 6 A.M, The increase in the mitotic activity in the control animals in 
the time interval from 3 P,M, to 3 A.M, was statistically significant (P = 0,004), In the group of experimental 
mice the gradual increase in the number of mitoses continued until 6 A.M, (P = 0,01), 


The figures obtained, showing the diurnal variation in the number of mitoses in the corneal epithelium of 
mice, were in full agreement with the results of M, T. Gololobova's investigations [3, 4], apart from the fact that 
in our investigations the minimum number of mitoses occurred at earlier hours than was found in Gololobova's 
experiments, 


Comparison of the course of the curves of variation of mitotic activity in the control and experimental 
mice shows that the mean values of the mitotic coefficient in the experimental animals at most times of day 
were higher than in the controls, At 3 P.M, this difference was statistically significant (P = 0.01) and at 9 P.M, 
it was close to significant (P = 0,05), 
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It may hence be concluded that reparative processes in the liver have a stimulating effect on the intensity 
of physiological regeneration in the corneal epithelium in mice. 


Besides counting the mitoses in the comea of the experimental and control mice, we determined the phases 
of mitotic division of the cells. We were unable to detect any significant changes in the relative proportions of 
the individual phases of mitotic division at any time of day. The ratio of early to late phases of mitosis in the 
control and experimental mice was close to unity. 


Epidermis. The changes in mitotic activity found in the epidermis of the external ear in the normal and 
experimental mice are shown graphically in the figure. 


In the first place attention must be drawn to the relatively low level of mitotic activity in this tissue. This 
factor was obviously the reason why the diurnal rhythm of mitosis in the epidermis was less clearly marked than 
in the cornea. In the epidermis of normal mice at 6 A.M. a small number of mitoses was found, At 9 A.M., 
however, their number had risen considerably and had reached its maximum level. Such an increase in mitotic 
activity during this interval of time was close to significant (P = 0.02). The number of mitoses then fell again, 
reaching its minimum value at 3 P.M. (P = 0.05). In the interval between 3 P.M. and 3 A.M., the number of 
mitoses increased very slowly, but in the interval from 3 A.M, to 6 A.M. the mitotic activity increased con- 
siderably (P = 0.05). Comparison of the values of the minimum mitotic activity observed at 3 P.M. with the 
mitotic activity at 6 A.M, next morning shows that this increase was statistically significant (P = 0.01). 


The figures obtained, showing the change in the number of mitoses in the epidermis over a period of 24 hours, 
were Close tothose obtained by M. T. Gololobova [3, 4] in experiments with the epidermis of rats and mice, In 
her investigations, however. a higher level of mitotic activity of the epidermal cells was found, 


The curve reflecting the diurnal variations in the number of mitoses in the epidermis of the experimental 
mice in its general form repeats the course of the curve of the changes in the number of mitoses in the control 
animals, Because of the very low values of the mitotic coefficient, however, it is not possible to show statistically 
whether the differences in the number of mitoses at the different times of day were significant, 


During the comparison of the number of mitoses in the epidermis of the control and the experimental mice, 
attention is primarily drawn to the fact that at all times of the investigation the mean mitotic activity in the ex- 


oe perimental animals was lower than the mean mitotic activity in the control mice, These differences, especially 
‘ in the period of high mitotic activity in the epidermis of the control mice, were statistically significant, For 
: 4 instance, at 9 A.M, P= 0,001, at 3 A.M, P = 0,01 and at 6 A.M, on the third day P= 0,01, 
. 4 It may be concluded from these findings that extensive injury to the liver and the ensuing repair processes 


in the organ lead to a lowering of the level of mitotic activity of the epidermal cells of experimental mice, 


If the results obtained in this work, on the changes in the mitotic activity of the corneal epithelium and 
the epidermis of the external ear after the operation of partial hepatectomy, are analyzed it may be concluded 
that different tissues react differently to injury of the liver: in the cornea of mice an increase in mitotic activity 
may be observed after operation on the liver, but in the epidermis, on the other hand, depression of mitotic 
activity takes place, The actual causes of the differences in the response reaction of these tissues cannot yet 
be established without special investigations. 


SUMMARY 


7 The author studied changes in the mitotic activity in the epithelium of the cornea and in the epidermis % 
3 of the conchae auriculae on the 2nd and 3rd day following reaction of 2/3 of the liver. It was found that the ED 
4 mitotic activity in the epithelium of the cornea in the experimental animals was much higher than in the control - 
hae group, Diurnal variations in the mitotic activity typical of normal animals was retained, Mitotic activity in the 

a epidermis of the ear in the experimental group of animals was at all times lower, on the average, than in the vee 
control group. 
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The study of the hormonal regulation of the growth of the epithelium of the mammary glands in normal 
conditions is of great interest to oncology, In the view of the majority of contemporary oncologists and endo- 
crinologists, tumors of the mammary glands arise as a result of pathological changes in the balance of the mammo- 
tropic hormones of the pituitary and ovaries [4, 6, 7, 8]. So far, however, there is no sufficiently clear idea of the 
normal hormonal regulation of growth and involution of the mammary glands, Naturally, it is impossible to un- 
derstand the essence of the hormonal disturbances leading to the formation of tumors of the mammary gland be- 
fore the normal hormonal relationships have been discovered, 


The view most widely accepted amongst non-Soviet scientists is that of Lyons, who considers that the nor- 
mal development of the mammary glands requires the combined action of prolactin, growth hormone, folliculin 
and progesterone, Lyons, however, considers prolactin to be the most important hormone, for without it, in his 
opinion, the ovarian hormones have no influence on the mammary glands, After administration of prolactin alone 
to oophorectomized, hypophysectomized rats, Lyons observed growth of the mammary glands [15]. Lyons's find- 
ings were confirmed by Ferguson [13] in experiments on C3H line mice. 


Lyons's conclusion that estrogens are of secondary importance in the stimulation of growth of the mammary 
glands are to some extent contrary to the facts accumulated by oncologists, It has been shown that carcinoma 
of the mammary glands may be produced by the prolonged administration of estrogens in mice and rats, whereas 
carcinoma develops spontaneously in these animals extremely rarely [8], Removal of the ovaries from high- 
cancer line mice at a certain age prevents the development of carcinoma of the mammary gland in 100% of 
cases, regardless of the obvious presence of milk factor [1]. 


Clinical oncologists are well aware that mastopathies and carcinoma of the mammary gland are almost 
always accompanied by hyperestrinization or disturbance of the rhythm of secretion of estrogenic hormones 
(6, 7, 9, 10], Taking into consideration these findings, it is difficult to imagine that estrogens, which may 
cause pathological hyperplasia of the epithelium of the mammary gland and even malignant growth of the 
epithelium, have no significant effect on the growth of the mammary glands in normal conditions, 


Many workers do not share Lyons’s views and cite facts contrary to his scheme [2, 3, 4, 5, 11]. 


In a previous paper we showed that castration of female mice causes the cessation of the mitotic division 
of the epithelial cells of the mammary glands, and that the administration of folliculin to such animals causes 
a considerable increase in mitotic activity, the formation of proliferative epithelial nodules, but not the dif- 
ferentiation of their terminal divisions [3], The problem of whether folliculin in this case acts directly on the 
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epithelium of the mammary glands or whether its action is mediated through the pituitary and its hormones has, 
however, remained unsolved, 


The object of the present work was to find out whether folliculin may or may not stimulate the processes 
of proliferation of the epithelium of the mammary glands in hypophysectomized mice, 


METHOD 


Experiments were carried out on 102 sexually mature female mice, In the first series of control experi- 
ments the animals were hypophysectomized and sacrificed ten days later. Two or three thoracic mammary glands on 
the right side were taken for histological examination, Besides studying the structure and state of the glands, we 
determined the mitotic activity of the epithelium of the terminal divisions and ducts, Vaginal smears were taken 
from the mice during the period of ten days, The absence of an estrus cycle indicated total suppression of the 
pituitary gland, 


In the second series of control experiments, 30 days after castration the mice received 8 daily injections 
each of 25 i, u, of folliculin in 0.1 ml of peach oil, As our previous experiments showed [3], the greatest increase in 
mitotic activity in the epithelium of the mammary glands in castrated mice takes place after 8 injections of 
folliculin, The animals were sacrified on the ninth day, The same glands as in the preceding series of experi- 
ments were taken for histological examination and fordetermination of the mitotic activity, 


In the main series of experiments, the ovaries were removed from the animals and, 30 days after this 
operation, the pituitary was removed, Ten days after hypophysectomy, the mice received subcutaneous in- 
jections of 25 i,u, of folliculin in 0,1 ml of peach oil daily for 8 days, Histological examination, determination 
of the mitotic activity and the statistical treatment of the results were carried out by the methods described pre- 
viously [2]. 


Hypophysectomy was performed under sodium amytal anesthesia by Bahner’s method [12]., After the opera- 
tion a considerable proportion of the mice died, Only 25% of the animals survived operation, 


After the operation the animals received intraperitoneal injections of 1 ml of 5% glucose and 100 units of 
penicillin, These injections were repeated on the next two days. 


For four days after operation the animals were kept in a cage heated by means of a 25 w electric lamp with 
a reflector, 


Many previous experiments have shown that the subcutaneous injection of peach and apricot oil alone into 
mice in the doses which we used have no effect on the mitotic activity of the epithelium of the mammary glands 
[3]. In the present investigation we therefore dispensed with controls in which oil alone was injected, 


The criterion of total extirpation of the pituitary in our experiments was the stability of the body weight 
of the hypophysectomized animals, macroscopic and histological control of the site of the pituitary gland and 
also the absence of an estrus cycle in the animals of the first series, 


RESULTS 


Of the 42 animals of the first series, only ten tolerated hypophysectomy relatively well. In mouse No, 8 
estrus developed on the fifth day after operation, and at postmortem the presence of one quarter of the anterior 
lobe of the pituitary was demonstrated, This animal was excluded from the experiment, In the remaining nine 
mice no remnant of the anterior lobe of the pituitary was found macroscopically or histologically, Vaginal 
smears showed a state of persistent diestrus, The body weight of the hypophysectomized mice remained stable, 
whereas the majority of the healthy mice used as controls gained appreciably in weight over the period of ten 
days, 


The results of the first series of experiments showed that the technique used for hypophysectomy gave 
satisfactory results, 


Ten days after hypophysectomy, histological examination of the mammary glands of the animals showed 
severe atrophy, resembling in its character the atrophy arising immediately after castration, The diameter of the 
ducts and terminal divisions was greatly diminished by comparison with the normal, The number of terminal 
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divisions was very small, The epithelial lining of the ducts and alveoli was flattened, The cells were reduced 

in size. The nuclei of many cells were pyknotic, Ducts were often seen with desquamation of the epithelium, 
The mitotic activity of the epithelium of the mammary glands fell to zero ten days after hypophysectomy in all 
the mice except No, 6, but in this animal too the mitotic coefficient was low, amounting to 0,66, The effect of 
hypophysectomy thus resembles the action of bilateral castration [3] on the mammary glands also by the inhibition 
of mitotic activity. 


The second series of experiments conducted on ten control mice gave results as anticipated, As in the pre- 
vious investigation [3], the injection of folliculin into castrated mice caused a significant increase in mitotic 
activity (on the average by 9,8 per thousand). It is interesting to observe that, despite some difference in the 
conditions of performance of this series of experiments and those of the previous investigation (the age of the 
animals and the time elapsing after castration), the figures obtained for the mean mitotic activity were very 
close, amounting to 9.8 and 9,41 mitoses per 1000 cells respectively, 


Histological sections of the mammary glands showed the picture of the typical action of folliculin, In the 
terminal segments and along the course of the ducts proliferative epithelial nodules appeared. The epithelial 
lining of the ducts ‘ecame thicker and the lumen of the ducts wider than in the glands of the castrated mice, 
The formation of terminal segments from the compact proliferative nodules did not take place, as it does in 
pregnancy, 

In the last and main series of experiments, the mice were subjected to bilateral castration followed by 
hypophysectomy, after which folliculin injections were given, Of the 50 mice undergoing operation, only 13 
survived, At postmortem on mouse No, 1 an unexcised portion of the pituitary was found, so that mammary 
glands were taken from only 12 mice for investigation, Histological examination of the glands showed that 
administration of folliculin produced a marked reaction of the epithelium in the mammary gland, The character 
of this reaction was similar to that of the reaction of the mammary glands of castrated females to folliculin, It 
must be pointed out, however, that the reaction was much weaker in this series of experiments, Although prolifera - 
tive epithelial nodules developed, they were fewer in number, The thickening of the epithelial lining and the 
dilatation of the lumen of the ducts were less pronounced than in the castrated animals with intact pituitary 
gland, The mitotic activity of the epithelium of the mammary glands rose on the average to 4,38 mitoses per 
1000 cells, whereas in the control series of experiments it was practically equal to zero, Comparison of the 
mean values of the mitotic activity in the animals of the second and third series shows that the difference be- 
tween the results obtained was statistically significant (P < 0,0001), 


Analysis of the results shows that folliculin, independently of prolactin and growth hormone, in certain 
conditions may stimulate proliferation of the epitheliumof the mammary glands, 


At first sight this conclusion is contrary to the results of the work of Lyons [15] and Ferguson [13]. These 
contradictions may, however, be readily explained, In his experiments, Ferguson gave injections of estradiol and 
stilbestrol to hypophysectomized mice for periods of 6 months or more, Such experimental conditions are far 
from physiological, We have shown that the continuous administration of folliculin to castrated mice first sti- 
mulates proliferation of the epithelium of the mammary glands, but that later, starting on the tenth day, this 
stimulation is greatly weakened [3], It may naturally be considered that the mammary glands of the mice in 
Ferguson's experiments were in a state of atrophy at the time of sacrifice, since the stimulating action of the 
estrogens on growth had long ago ceased, 


When he speaks of growth of the mammary glands of mice, Lyons means by this only that lobular and 
alveolar growth observed in the second half of pregnancy, It is this growth which he attempts to reproduce, 
choosing for this purpose a combination of pituitary and ovarian hormones [14]. Meanwhile the study of the 
hormonal regulation of proliferation of the epithelium of the mammary glands in nonpregnant animals and in 
the first half of pregnancy is of the greatest interest to oncology, At this time proliferation of the undifferentiated 
epithelium takes place, leading to the formation of compact proliferative epithelial nodules, In the second half 
of pregnancy growth of the glands and differentiation of the epithelium, typical of the organ in question, takes 
place, It must not be forgotten that carcinoma of the mammary gland is found more frequently in women who 
have had few or no children and in women who have not practiced breast-feeding. The second half of pregnancy 
and especially lactation thus have a normalizing influence on the epithelium of the mammary glands, 
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SUMMARY 


Sexually mature female mice were subjected to hypophysectomy and bilateral ovariectomy, Following 
this the animals received 25 i,u. of folliculin daily for 8 days and were killed on the 9th day, Mitotic activity 
of the epithelium in the acinin and ducts of the mammary glands was assessed histologically, In the control 
series of experiments hypophysectomy was followed by atrophy of the mammary glands and arrest of mitotic 
activity in the epithelial cells, In hypophysectomized and ovariectomized animals mitotic activity of epithelium 
of the mammary glands increased on the average, to 4,38 mitoses per 1000 cells after injection of folliculin, 
However, this rise of the mitotic activity was considerably less than in the control group of castrated animals 
with intact hypophysis (9,8 mitoses), The above experiments show that in female rats which lack hypophyseal 
hormone folliculin will definitely stimulate proliferation, of epithelium in the mammary glands, though it fails 
to produce growth typical of the latter organ, 
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In connection with improvements in surgery, anesthesia and antibiotics, recent years have seen an in- 
creasing application of surgical methods to the treatment of certain gynecological diseases. By comparison 
with the preceding decade, operative treatment of a common condition such as fibromyoma of the uterus has 
been used twice as often in the past ten years, and by comparison with the decade before than, three times as 
often as radiotherapy or x-ray therapy. Hysterectomy is the operation usually performed, The question arises, 
however, of the importance of the uterus to the function of the ovaries and of the body as a whole, and this 

has received little study, In the Soviet and non-Soviet literature experiments are described, the purpose of which 
was to show whether hysterectomy has any effect upon the function and morphology of the ovaries, For instance, 
according to the observations of A, P, Parfenov [5], after removal of the uterine cornua in rats, irregularity of the 
sex cycle appeared only after three months, After four months estrus developed every 8— 10 days instead of 

every 4-5 days; after ten months and later the intervals between estrus were considerably prolonged and some- 
times estrus was absent altogether. Roughly the same results were obtained by N, P, Verkhatskii [1]. According 
to M, D, Gutner and V, N, Aleksandrovskii [4], during the first few days after operation disturbances take place 
in the cycle; in the majority of animals it is restored to normal after 18-20 days, A prolongation of the period 

of estrus or of the resting stage is all that is observed, In some cases estrus disappeared until the tenth week and 
the intervals between estrus were irregular and prolonged, The observations of L. A. Shusser [6], continuing for 

a period of 8 months, showed that the intervals between estrus were prolonged on the average by 2-5 days, but 
apart from that, no abnormality was observed in the sex cycle, 


The morphological condition of the ovaries was first studied experimentally in rabbits by I, N, Grammati- 
kati [2], On the basis of the detection of folliculin in different stages of development, he came to the conclusion 
that hysterectomy does not affect the ovarian activity. A, P. Parfenov, M, D, Gutner and V, N, Aleksandrovskii 
[4], N. P. Verkhatskii [1] and others discovered death of the follicles and other changes in the ovaries several 
months after operation, Intensive development of the corpora lutea was found, Some authors have attempted to 
explain the development of degenerative processes in the ovaries by disturbance of the anatomical connection 
between the uterus and ovaries, This point of view is supported by the work of N, P, Verkhatskii [1], M. D. 
Gutner [3], L. A, Shusser [6] and others, 


In view of the discrepancies in the findings so far obtained, we decided to study the functional state and 
morphology of the ovaries after hysterectomy in our own experimental material, 


METHOD 


The investigation was conducted on 57 sexually mature female white rats weighing 150-200 g, of which 
18 were controls, The functional state of the ovaries was studied by daily examination of vaginal smears, These 
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were obtained by washing with a sterile pipet, and then treated and stained with hematoxylin-eosin by the usual 
method, After several weeks of observation, when the regular sequence of the sexual cycles had been established 
for each rat, operations were performed on the animals, In all,39 rats underwent operation (6 series with 4-8 rats 
in each) at the same time of year — in the winter of 1956-57, Under ether anesthesia laparotomy was performed, 
A ligature was applied to the mesentery of the uterine cornua and both cornua completely excised, The stump of 
the uterus and the vessels were ligated with one or two fine catgut or silk ligatures and the abdomen was closed in 
layers. Control animals, from which vaginal smears were also taken daily, were kept under identical conditions 
with those undergoing operation, No smears were taken from the operated animals of each series (nor from the 
control animals of this series) for one week after operation, The taking of smears was then resumed until the 
time when the animals were sacrificed. In the course of a year about 10,000 vaginal smears were taken, treated 
and studied, 


RESULTS 


The results of our observations of the sexual cycles are essentially as follows, The sexual cycle in the 
control animals, and also in the experimental animals showed the following features, The sequence of the 
sexual cycles at first remained regular, The animals evidently withstood the operative trauma well, Four or 
five weeks after operation, however, the regular sequence of the sexual cycles was disturbed, The character of 
the disturbances varied; the experimental animals could be divided in this respect into several groups, The first 
group (15 rats) showed considerable prolongation of estrus (up to one month); only occasionally could the other 
stages of the cyle be observed, The second group (11 rats) showed prolongation of estrus to 7-8 days and slight 
prolongation of the metestrus stage, The third group (7 rats) showed a more or less regular sequence of a cycle 
which was prolonged to ten days, In this cycle the number of days of estrus varied between three and seven, 
Subsequently the cycle was shortened to 5-6 days, but at the same time the number of days of metestrus or rest 
was increased, The fourth group (6 rats) showed a prolongation of the resting stage to 3-6 days, 


Typical examples of these cycles are shown graphically in the figure, 


It must be pointed out that in certain rats disturbances of the usual pattern of the vaginal smears of 
different stages of the cycle took place even during early periods after operation, In the literature we were 
unable to find any description of an atypical pattern of the viginal smears, We frequently observed round, 
atypical squamous cells, showing basophilic staining properties, confluent round cells, small dark basophilic 
cells, small cells with round, dark blue nuclei, elongated cells with dark nuclei and mucus and leukocytes, 
sometimes in large quantities. The variations were not observed in the control animals, so that they could not 
be attributed to fortuitous causes, 


We studied the ovaries of control and operated rats sacrificed 4, 8, and 12 months after operation, Both 
ovaries appeared identical macroscopically, In the rats sacrificed one year after hysterectomy, the ovaries were 
considerably reduced in size and had undergone cystic changes. In the ovaries of the rats sacrified 4 months after 
operation, corpora lutea were much more in evidence than other structures, The number of corpora lutea at 


Proestrus 

Estrus 
Metestrus I 

Metestrus II 


Proestrus 
estrus 
Metestrus I 
_Metestrus II 
Diestrus 


Group III 


Changes in the sexual cycle of rats after hysterectomy. 


1207 


= hd 
‘ie, 
: 
G 
a 
q Group I Group II 
—}—-+ +> —} — — 
4 


different stages of development reached 15-16 in one section, Few follicles were observed at the different stages 
of development, and the Graafian follicle stage was rarely seen, Many follicles were in a state of atresia, From 
8 to 12 months after operation atrophy of the ovaries was observed, and this was particularly marked in cases of 
cystic change, when the bulk of the ovary was composed of huge cavities, filled with brown contents and bounded 
by thin walls lined with a flattened epithelium, The atrophic ovaries contained numerous corpora lutea but no 
primordial follicles, all the follicles present being in a stage of atresia; the Graafian follicle stage was never ob- 
served, 


Our findings support the view that hysterectomy is soon (after 1-2 months) reflected in the function of the 
ovaries and disturbs their activity, and a few months after operation morphological changes in the ovaries become 
evident. 


As pointed out above, the disturbance of the activity of the ovaries is primarily expressed by the persistence 
of estrus, This fact has been observed by many workers, but they have not given any explanation of it. We believe 
that the cause of the persistence of estrus is the persistence of the corpora lutea and the resulting excess of lutein. 
Our investigations demonstrated the considerable persistence of the corpora lutea, Meanwhile the Graafian follicle 
stage is hardly ever seen and atresia of the follicles is found, Loeb [7] has also pointed out that the prolonged ex~ 
istence of the corpora lutea prevents the development of follicles and ovulation, K, P, Ulezko-Stroganova [5] 
observed that excessive luterinization is accompanied by death of the follicles, The cause of the proliferation 
of the corpora lutea is not yet clear, Lack of estrogenic hormone, combined with a temporary excess of lutein, 
is probably characteristic of the disturbed activity of the ovaries, After hysterectomy the overies are evidently 
deprived of its regulating influence, Hormone secretion continues, but the regular pattern of their production is 
disturbed, 


SUMMARY 


Hysterectomy provokes considerable changes of ovarian function in rats, This is primarily manifested in 
disturbance of the regularity of the sexual cycles, Persistence of rut is especially characteristic; it is evidently 
explained by a temporary excess of lutein, associated with a gradually increasing deficiency of the estrogenic 
hormone, Changes in the other stages of the sexual cycle are observed later with prolongation of the intervals 
between the rut periods, The ovaries continue to function. 


Hysterectomy leads to pronounced degenerative changes in the ovaries as well (atrophy, prevalence of 
atretic follicles, disappearance of primordial follicles), 
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Biochemical and electron microscopic researches have considerably broadened our knowledge of the 
structure of fibrous structures, It has been discovered that an elastic fiber consists of subfibrils, existing in dif- 
ferent combinations and embedded in a specific ground substance, the matrix [9, 13]. The subfibrils and matrix 
are built up of similar protein components, but acid mucopolysaccharides also enter into the composition of the 
matrix, Enzymes are present in the body which act upon the matrix membrane and on the fibrillary ground sub- 
stance [13]. In degenerating elastic tissue Findlay [11] and Braun-Falco [7] found mucopolysaccharides, which is 
evidence of breakdown of the complex structures of the matrix and subfibrils, 


Many problems of the pathology of fibrous structures remain unresolved, For example, the origin of the 
elastic-like material accumulating with age in the skin of exposed parts of the body is uncertain, Similar changes 
are encountered in certain other conditions. Since the time of Schmidt [16], some authors have regarded this 
material as elastic tissue [5, 6, 11], which is apparently confirmed by histochemical and physical investigations 
[7]. Many authors in the past and at the present time, however, cite no less reliable evidence that this material 
is a derivative of collagen [3, 13, 15]. Difficulties in the definition of elastin and collagen have led to the 
creation of the hypothesis that elastin may be synthesized from degradation products of collagen and that inter- 
mediate products may be formed in the tissues in the presence of disturbances of the enzyme system regulating 
the different aspects of fibrillogenesis and fibrillolysis which take place in certain pathological states [13]. 


Much of this problem might have been explained by Unna's view [18] concerning the impregnation of 
collagen with elastin, if they had been confirmed, In a series of skin diseases and in “senile elastosis” Unna 
found a modified basophilic elastic tissue, known as elacin, In these conditions the fibers became separated, 
swelled and sometimes broke up into droplets of clumps of matter, The degenerating collagen fibers, often break- 
ing up into clumps, were covered by normally staining and basophilic elastic and were coverted into collastin 
and collacin respectively, Elastin may readily be precipitated on the collagen fibers, but a more intimate bond 
may be formed between these substances — the combination of molecules on the surface of the collagen, More 
rarely these two substances merge and mingle with each other to form a “colloid”. Unna further distinguished the 
conversion of collagen fibers into basophilic and metabasophilic collagen (without combination with elastin). 


Unna had followers, but, in the words of Sternberg [17], his ideas did not evoke a wide response, although 
they appeared credible, Carol (8) considered that collacin is actually basophilic collagen, If elacin merges with 
collagen, a homogeneous mixture, or pseudocolloid is formed, Awoki [6] writes that it is not yet known whether 
impregnation of collagen with elastin can take place, Hass [14], in extensive survey dealing with elastic tissue, 
does not fully explain Unna's ideas and states that the meaning of the changes described is unknown, A. V. 
Rusakov [5] does not agree with Unna's interpretation of the histological findings, Nevertheless Unna is almost 
the only one of the older investigators whose work is mentioned at all in modem histochemical researches [3, 13]. 
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Fig. 1, Film of human loose connective tissue, Lumps of elastic 
tissue and, adjacent to them, elastic fibrils, here and there entwined 
to form tufts, The arrow points to a lump in which an area of trans- 
lucency may be seen, corresponding to a collagen fiber; around it 
wind subfibrils. Preparation from a woman aged 23 years, dying 
from chronic rheumatism and heart disease, Fuchselin, Magnifica- 
tion 280X 


When we study films of the loose connective tissue of man and animals we are confronted by the phenomenon 
of the envelopment of the collagen fibers with modified elastin, The object of the present investigation was to 
elucidate this phenomenon, 


Films were taken from the leg, the abdomen and the arm in human subjects and from various positions in 
animals, and stained with hematoxylin, picrofuchsin and fuchselin in various combinations, and also with poly- 
chrome methylene blue, blue polychrome, azure II, followed by subsequent treatment with a mixture of tannin 
and fuchsin, and with azure Il-eosin, 


Elastin derived from localized swellings of elastic fibers, the so-called lumps, was deposited on collagen 
fibers, We observed the formation of lumps in more than one third of cases (about 30 cadavers of persons aged 
from 23 to 75 years, dying from leukemia, tumors, contracted kidney and other diseases), Of 11 monkeys 
(Marcusrhesus) aged 1-2 years, sacrificed for preparationof poliomyelitis vaccine, half of which had suffered 
from dysentery or pneumonia, they were found in two, The lumps were particularly numerous in the connective 
tissue of a three year-old monkey which had died from dysentery, Lumps were found in a four year-old rabbit 
but were absent in a two year-old rabbit. in five dogs and in one sheep, No diseases were noted in these animals, 


The lumps were distributed irregularly, in some films as many as 30-35 being present in one field of vision 
of the microscope with magnification 56X (diameter of the field of vision 2 mm), whereas in others only one or 
two could be found, The more films were studied the greater was the possiblity of finding swelling of elastic 
tissue in a particular individual, 


The lumps arose as thickenings of the fibers, most of them consisting of bundles of fine companion fibrils 
and a homogeneous part, forming the groundwork of the swelling (Figs, 1 and 3, 1), Some lumps stained readily 
with fuchselin, just as well as the adjacent segments of the fiber from which they arose, whereas others were only 
weakly detected by this stain, and their homogeneous part (matrix) was almost indistinguishable from the back- 
ground of the preparation, although their subfibrils were easily seen, These lumps gave off only fragments of 
fibers, which had lost their homogeneity and appeared as bundles of fibrils, continuous with the subfibrils of the 
lump, Since the formation of lumps has been regarded since the time of Schmidt's [16] research as degeneration 
of the fibers (6, 10, 18], but in our preparations they were found in sick monkeys* and in human patients (mainly 


* We explained the swellings in the rabbit by the animal's age. 
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Fig, 2, Film of loose connective tissue (Macacus rhesus, aged 3 
years), Basophilic homogeneous lumps, In the lumps the out- 
lines of coliagen rods can be seen, Azure Il ~ eosin, Magnifica- 
tion 280x, 


elderly), we understood the trend of the process to be destruction of the elastic fibers with gradual lysis of the 
lumps. Since, however, the lumps remained in the tissues longer than the parts of the fiber not undergoing this 
metamorphosis, they evidently reflected a delayed (modified) form of elastolysis, 


The swellings had a tendency to be situated on collagen and elastic fibers, They could be attached to 
one side of the fibers, but usually they enveloped them in the form of a cuff, although in this case a very typical 


appearance was for this cuff to be more pronounced on one side, Staining with fuchselin showed how the sub- 
fibrils formed haphazard plexuses and entwined around the collagen fiber (Fig. 1, Fig. 3, 2-5, 8), Combinations 
of fuchselin with hematoxylin and picrofuchsin clearly showed up the collagen fibers but the component parts of 
the lumps often stained a uniform black shade, Blue polychrome and other basic aniline stains revealed the 
lumps (matrix) in the form of dark blue drops and cylinders, having the typical shape of the lumps or more flat- 
tened and elongated in shape, or of dark blue deposits on the collagen fibers (Fig. 3, 10-14), In this way the 
later stages of development of the lumps, not detected by specific staining for elastic tissue, were revealed, 
Voronin's hematoxylin (with ferric chloride) revealed all stages of conversion of the elastic tissue, Staining 
with Yasvoin’ hematoxylin-picrofuchsin, in the latest stages the lumps acquired a yellowish-brown or reddish 
color, suggesting their relative oxyphilic properties, Such lumps could be regarded as thickenings of the 
collagen fibers, 


Periodate~ fuchsin sulfuric acid stained the swellings a red color, In view of Findlay’s results [11], it may 
be considered that what is actually taking place in the lumps is a breakdown of the complex structure of the 
subfibrils and of the specific ground substance containing carbohydrates, 


Staining with azure II— eosin sometimes revealed a large number of lumps, ranging from dark to light blue. 
Most were connected with collagen fibers. The thicker fibers were the result of the long, straight or curved shape 
of the drops of derivatives of the elastic substance, The thinner fibers, however, were associated with small, wedge- 
shaped protrusions of lumps, Some fibers within the lumps were curved in shape, The elastin drops evidently 
supported the affected area of the fiber and prevented it from becoming straightened during stretching of the 
film, and, perhaps, by retaining some degree of elasticity, returning the segment of the fiber to its original state 
after stretching, The surface of the collagen rods within the lumps and near to them, or less often those visibly 
unconnected with the lumps, often were stained a violet color with azure, which could be seen in the films as 
lines or interrrupted marks along the edges of the fibers (Fig, 2, Fig. 3, 12), Hematoxylin also occasionally out- 
lined the edges in this way (Fig. 3, 6), It is possible that some special substance was formed at the point where 
the modified elastin merged with the collagen, This was in agreement with Unna's statement [18] that the 
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10,05 mm 


Fig. 3, Semdiagrammatic representation of the combination of elastin with collagen, 
reproduced by means of a drawing apparatus, Material obtained: 1, 2, 12, 13, 14, 

15, 16) from human subjects; 7) from a rabbit; 3, 4, 5, 6, 8, 9, 10) from the monkey, 
Staining: 1-3) with fucheslin; 4-8) with fuchselin, Ehrlich’s or Yasvoin’s hematoxylin, 
picrofuchsin; 9) hemtoxylin with ferric chloride and picrofuchsin (the collagen fiber 

is covered with a basophilic layer, and palely stained elastic subfibrils can also be seen); 
10-12) azure Il— eosin; 13-14) polychrome methylene blue, tannin and fuchsin (13 —- 
between the lumps and the adjacent collagen fibers is a translucency, probably the result 
of shrinkage); 15-16) fuchselin polychrome blue, tannin with fuchsin (15 — homogeneous 
staining with fuchselin; 16— black subfibrils can be seen in the blue lump), For ex- 
planation see text, 
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molecules of the two substances were possibly combined, 


In certain lumps the collagen rods were much thicker than their continuations outside the swellings. It is 
probable that the elastin masses, soluble with difficulty and enveloping the collagen fibers, retarded their lysis 
and thereby made its course irregular. 


So far as changes in the collagen are concerned, we could only note that during staining with polychrome 
blue— tannin the fibrils of some (rare) bundles gave metachromatic staining, Sometimes such changes affected 
short segments in the whole thickness of the fiber, The tendency of the modified elastin to be situated on the 
fibrous structures may be explained by its physical properties — by the viscosity of the modified elastin, The 
property of elastic tissue to adhere, known since last century[1], may also be extended to collagen, 


The envelopment of the collagen fibers with elastin at the stage when it stained with fuchselin corresponds 
to the concept of collastin, whereas their envelopment with basophilic masses corresponds to Unna's concept of 
collacin, Whereas the extreme stages may be strictly demarcated, however, in the intermediate stages staining 
with fuchselin is possible, although more weakly, as well as with basic dyes, The simultaneous staining of the 
subfibrils of the lump with fuchselin and of the homogeneous matrix with, for example, blue polychrome, is not, 
however always possible (Fig. 3, 16), Unna further pointed out that there was competition between the specific 
and basophilic stains, This worker doubted whether collacin must pass through a stage of collastin, It may be 
concluded from our investigations that this occurs very often, if not always, 


The presence of small twisted fibrils and of “split” fibers in foci of degeneration of elastic tissue has been 
observed by many authors, but the interpretation of these changes has been made difficult by lack of knowledge 
of the structure of the fiber [2, 14], M, M, Kuznets [2], for instance, describes collacin in the form of slightly 
basophilic collagen fibers, impregnated transversely and obliquely with very thin violet fibrils, which correspond 
most of all to elacin, From the study of films in which the tissue relationships are more primitive, and the 
changes therefore easier to explain, we are satisfied that the thin, twisted fibrils which are often observed in 
foci of “basophilic degeneration of the skin" are subfibrils, 


From the results obtained certain suggestions regarding the changes in the skin may be made, The com- 


pact texture of the dermis must account for the more uniform distribution of the degenerating elastin, for the 
round lumps cannot move amid the intertwined collagen fibers, In certain diseases, moreover, the swellings of 
the elastic tissue may be more diffuse and their absorption even slower as a result of disturbances of the enzyme 
systems [13], of a decrease in the sensitivity of elastin to the action of elastase [12] and of the lesser degree of 
accessiblity of the fibers of the dermis to enzymes in general, by comparison with the fibers of loose connective 
tissue, 


The fact that carbohydrates are found in degenerating elastic tissue in chronic pathological conditions such 
as senile elastosis, elastic pseudoxanthoma and colloid degeneration of the skin [7, 11] and in vessels of change- 
able caliber [4], taken together with our findings, suggests that the mucopolysaccharides causing the basophilia of 
pathological elastic tissue may be detected when destruction of the elastic tissue is retarded and that the dis- 
covery of elacin may indicate an abnormality of elastolysis, consisting of delayed lysis of elastomycin, 


While, therefore not denying changes in collagen, including those of elastic type, we must support the 
correctness of the view that collagen is regularly enveloped with modified elastin, a process which occurs when 
elastolysis is retarded, 


SUMMARY 


The author studied film preparations of the loose connective tissue in man and animals suffering from various 
diseases, In many cases focal swellings of the lumps were detected, Their numbers increased with the age of the 
individual and had less to do with the disease itself. Homogenous basophile matrix part and entangled subfibrils 
could be identified in the lumps. The lumps had a tendency to place themselves on the collagenous fibers, In 
earlier stages of their evolution, fuchselin showed the presence of entangled fine elastic subfibrils around the col- 
lagenous fibers, which corresponds to Unna’s conception of collastin, In later stages of evolution, only the 
homogeneous basophile masses of elacin are seen around the fibers, These pictures correspond to the conception 
of collacin, The fact of regular enveloping of fibers with dissolving elastin must be taken into account when 
studying the morphology of senile elastosis and certain other diseases. 


Q 
; 

ts 
: 

. 
; 
- 
Zi 
4 

: 
1213 


LITERATURE CITED 


M, Gardner, The Histogenesis and Structure of Elastic T issue [in Russian] Dissertation, (Moscow, 1898). 
M, M, Kuznets, in: Old Age [in Russian] (Kiev, 1940) p. 117. 

U, F, Lever. Histopathology of the Skin [in Russian] (Moscow, 1958) p. 174. 

G. V. Orlovskaya, Morphological Features due to Age in the Skin of the Face, Candidate dissertation 

{in Russian] (Moscow, 1947), 

A, V. Rusakov, The Physiology and Pathology of Certain Tissues of the Internal Environment, Incomplete 
Desmogenesis [in Russian] (Moscow, 1954) p, 35, 

T. Awoki, Arch, path, Anat, 255, 709 (1925), 

O, Braun-Falco and K, Salfeld, Dermat, Wschr, 135, 369 (1957), 

W. L, L, Carol, Acta dermat,-venereol, 3, 263 (1922), 

N, Dettmer, Z, Zellforsch, u, mikr, Anat, 45, 265 (1956), 

I, Ejiri, Zbl, Haut, Geschlechtskr, 55, 428 (1937). 

G, H, Findlay, Brit, J, Dermat, 66, 16 (1954), 

D, Hall, in: Council for International Organzation of Medical Sciences, Connective Tissue; Symposium 
(Oxford, 1957) p, 238, 

D, Hall, et al., J, Gerontol, 10, 388 (1955), 

G. M, Hass, Arch Path, 27, 334 (1939), 

J, Kyrle, Vorlesungen ber Histo-Biologie der menschlichen Haut und ihrer Erkrankungen (Vienna -Berlin, 
1925), Vol, 1, 

M, B, Schmidt, Arch, path, Anat, 125, 239 (1891). 

C, Sternberg. Arch, path, Anat, 254, 656 (1925). 

P, G, Unna, Monatsh, prakt, Dermat, 19, 397, 465 (1894), 


1, 
2, 
3. : 
4 
4, 
4 
6, 
1. 
8, 
10, 
11. 
4 12, 
( 
13, 
14, 
15, 
16, 
17, 
18, 
‘4 
pe 
+. 
be 
q 
43 
i 
4 
ae 
1214 
| 


SCAR FORMATION IN THE CENTRAL NERVOUS SYSTEM 
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No, 11, pp. 121-123, November, 1960 


In the modern view, the principal factor preventing the penetration of nerve fibers through the area of a 4. 
section of the spinal cord is the rapid formation of scar tissue in the cord, The use of a bacterial polysaccharide 
enabled the American workers Clemente and Windle [3] to obtain a more friable scar and to observe the pene- 
tration of intraspinal nerve fibers through it, Other workers, however using the same preparation, obtained neg- 
ative results [2, 4]. 


In view of the great importance of this problem, we also made an attempt to prevent the formation of a 
dense scar between the cut ends of the transected spinal cord in dogs and also to investigate the possible re- 
generation of the nerve fibers, As a substance to inhibit scar formation we used the Soviet preparation pyrogenal 
— a complex polysaccharide of baterial origin, prepared in the N, F, Gamaleya Institute of Epidemiology and 
Microbiology of the AMN SSSR, 


In the present communication we describe the results showing the influence of pyrogenal on the formation 
of scar tissue, 


METHOD 


Experiments were carried out on 21 dogs aged from 1 to 2 years, Twelve were experimental animals and 
nine controls, The spinal cord was transected in the region of the 8th-10th thoracic segment. A longitudinal 
incision was made in the dura mater, the cord was lifted out on a hook and divided with a fine, pointed scalpel 
so that the hook was lifted out through the cut, The ends of the spinal cord were placed together and its surface 
covered with a fibrin film, Pyrogenal was administered systematically at intervals from the second day until 
nine months after operation, in a dose of 5-10 pg/kg. The animals were sacrificed 14 days and 1, 3, 6, 13 and 
26 months from the beginning of the experiment. The spinal cord in all these cases was examined histologically. 
Serial sections were cut from the area of transection of the cord in a dorso-ventral direction, The sections were 
stained with hematoxylin eosin, hematoxylin-picrofuchsin, Spielmeyer's hematoxylin and thionin, and were 
also impregnated with silver on the argyrophilic fibers of the scar by Foot's method and on the glia by the 
methods of Cajal and Stern-Beletskii, The nerve fibers were also impregnated with silver by different methods, 


RESULTS 


Two weeks after operation we observed no marked differences in the structure of the scar tissue in the ex- 
perimental and control dogs, In the first of these the defect in the cord was replaced by loose connective tissue 
containing thin, isolated bands of collagen fibers, The wide intervals between the bands were filled with fibro- 
blasts of various degrees of differentiation, histiocytes and numerous macrophages, The scar contained many 
thin-walled vessels, The scar in the control dogs showed basically thesame structural features, but the bands of 
collagen fibers in the controls were somewhat wider. 
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Experiment Control 


Fig. 1-4. Structure of the scar tissue at the site of transection of the spinal cord in experimental 
and control dogs, Magnification 400: 1, Stained with hematoxylin-picrofuchsin and hema- 
toxylin— eosin, 1) 1 month after operation; 2) 3 months after operation; 3) 13 months after 
operation; 4) 26 months after operation, 
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One month after operation the character of the scar in the experimental animal had undergone little change 
(Fig. 1a) and the structural signs found in the scar of the dog examined two weeks after operation were largely 
preserved, As in the latter case the thin bands of collagen fibers were separated by wide zones of cells, contain- 
ing as before large numbers of macrophages, The scar contained a fairly dense network of thin-walled vessels, 


In contrast to the experimental dog, in the control animal one month after operation the process of scar 
formation had been carried much further (Fig. 1b), For instance, the bands of collagen fibers had become thicker 
and were separated by correspondingly narrower zones of cells, 


The difference in the tempo of formation of the scar structure was even more obvious at the later periods 
of observation, Three months after operation the structure of the scar differed sharply in the experimental and 
control dogs, In the first (Fig. 2c) a slowing of the development of organization of the cord defect was clearly 
found, Although the number and thickness of the bundles of collagen fibers were slightly increased, the intervals 
between them remained wide and were filled with connective tissue cells, among which were many macro- 
phages. Considerable numbers of thin- and thick-walled vessels were found in the scar, 


The scar formed at this time in the control animal (Fig. 2d) consisted of thick, spirally twisted and 
haphazardly interwoven bands of collagen fibers, In contrast to the scar in the experimental dog, in which the 
collagen fibers stained a pink color with picrofuchsin, in the scar in the control dog they were bright red in 
color, In places very narrow zones of loose connective tissue were found, in which macrophages were absent. 
Few blood vessels were present in the scar, 


Slowing of the tempo of organization of the scar in the experimental animals was also observed at later 
periods after operation, This could clearly be observed 6, 13, and 26 months after operation (Figs, 3e, and 4g), 
In the scar in these animals relatively wide zones of loose connective tissue were seen, containing fibroblasts 
in various stages of differentiation, histiocytes and always a few macrophages. In every case in which pyrogenal 
was given, thin- and thick-walled blood vessels passed in the loose tissue zones among the bundles of collagen 
fibers and along the bundles themselves, 


In the control animals at these periods (Figs, 3f and 4h) the scar had become even poorer in cells, the 
intermediate areas of loose connective tissue had disappeared, the bundles of collagen fibers had become ad- 
herent to each other and the nuclei of the fibroblasts had acquired an extremely flattened shape, Vessels had 
almost completely disappeared from the scar, and only a few thick-walled vessels remained near the meninges, 
In the last case to be observed, signs of hyalinosis of the scar could be observed here and there, 


Having noted the well marked influence of pyrogenal on the formation of the structure of the scar, attention 
must be drawn to the fact that this influence mainly extended to the central area of the scar and had little effect 
on its peripheral part, in immediate contact with the meninges. 


It is thus clear from the pathomorphological findings described above that the administration of pyrogenal 
influences scar tissue formation in the region of transection of the spinal cord in dogs, In all the animals re- 
ceiving pyrogenal, at both early and later periods, even after 26 months, we could observe a looser structure of the 
scar, delay in the maturation of fibroblasts, the presence of macrophages, and better vascularization of the scar 
tissue, The action of pyrogenal was demonstrated especially clearly by depression of the formation of collagen 
fibers, 


Our findings are in agreement with the observations of Clemente and Windle [3] on the influence of pyromen 
on the development of a scar in brain tissue, The delayed formation of such a scar facilitates the penetration of 
nerve fibers along the vessels and the collagen fibers proceeding along the long axis of the spinal cord [1, 5]. 


We consider that the early use of pyrogenal in the case of injuries to brain tissue may be of practical value 
in clinical practice, by preventing the rapid formation of a dense scar, with its attendant serious complications, 


SUMMARY 


Pyrogenal was used in 21 dogs in an attempt to prevent rapid scar formation between the stumps of the 
severed spinal cord, Pathomorphological studies of the medullary scar were undertaken 14 days, 1, 3, 6, 12, and 
26 months after the operation, It was shown that pyrogenal interferes with scar formation at the site of section 
of the spinal cord, In all cases, even at later dates, the scar of the experimental animals was of a looser structure, 
the maturation of the fibroblasts was delayed, macrophages were present and the tissues were better vascularized, 
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Pyrogenal had a more marked effect on the inhibition of formation of collagen fibers, 
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The study of the pattern of Wallerian degeneration of nerve fibers arising after division of or injury to 
nerve trunks is of essential importance to the understanding of the general course of the repair processes taking 
place in the injured nerve, Many authors [2, 3, 4, 6, 16] have repeatedly drawn attention to the importance of 
the degenerating peripheral segment of the nerve in its subsequent regeneration, The views of these authors may 
be summarized by saying that without the preliminary degeneration of the nerve elements there can be no success- 
ful regeneration, and that regeneration is possible only in the presence of a degenerated peripheral segment, 


As the researches of many authors have shown, the rate of progress of dystrophic processes in the peripheral 
segment of an injured nerve is not constant, but is subjected to many variations depending on the character of 
the nerve and the functional importance of its component nerve fibers [9, 10]. the species and age of the animal 
[11, 14], the conditions of nutrition [12] and so on, In cold-blooded animals the time of year and the tempera- 
ture of the external environment have a definite influence on the velocity of this process, Differences in the rate 
of progress of the degenerative process in various parts of the peripheral segment of the nerve must also be em- 
phasized [7, 8, 13, 14], Destruction of the medullary sheaths and the neurofibrillary structures arises first of all 
in the terminal divisions of the nerve fibers and in the nerve endings. from whence the process spreads to the 
center, i,e,, to the site of injury, There are reports in the literature that the velocity of the progress of Wallerian 
degeneration may be severely retarded by repeated injury to the regenerating nerve [1]. 


In view of the practical and theoretical importance of this problem, we decided to study the influence of 
repeated transection of a nerve on the process of Wallerian degeneration, using both morphological and physiolo- 
gical methods of investigation for this purpose, 


METHOD 


Experiments were conducted on 12 rabbits, The operation consisted of division of the tibial part of the sciatic 
nerve with fine pointed scissors at or above midthigh level, at the level of the tendon of the obturator internus 
muscle, The peroneal nerve was not injured, but acted as a bridge which prevented the separation of the ends of 
the divided tibial nerve, Form 2 to 2 $ months later the same nerve was again divided, this time 2 cm above the 
first scar in six rabbits and 2 cm below the site of the first operation in the other six rabbits, The animals were 
sacrificed 6, 8, 14, 20, 30 and 50 days after the second operation, The excitability of the divided nerve was 
first determined in all the animals, As controls, observations were made on the tibial nerve divided once only 
in 12 rabbits sacrificed at the same times as the experimental animals, Furthermore, in a proportion of the ex- 
perimental animals the left tibial nerve was divided at the same level at the same time as the second operation 
was performed on the right tibial nerve, This nerve was also used for control purposes, 


The sciatic nerves were fixed in 20% neutral formalin and then investigated throughout the entire length, 
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Fig.1. Wallerian degeneration after repeated division (above the 
site of the initial defect) of a regenerated nerve, a) Distal segment 
(below the region of the first scar) on the 14th day after operation, 
The degenerated nerve fibers have been converted into thin bands 

of Schwann cells, almost free from products of disintegration; 

b) proximal segment of the nerve (above the site of the first scar) 
on the 14th day after operation, Large fragments of axis cylinders 
are seen, Rabbit No, 275, Silver impregnation, Objective 100x, 
immersion; ocular 2 X, 


Frozen sections were impregnated with silver by the Bielschowsky-Gros method and counterstained with hema- 
toxylin, Some sections of each nerve stained by Spielmeyer's method, with Sudan III and with Sudan black, 


RESULTS 


The study of Wallerian degeneration after repeated trauma to the regenerated nerve revealed serval dis- 
tinctive features in the course of this process by comparison with degeneration of the nerve fibers after a single 
division of the nerve, The distinctions consisted mainly of differences in the rate of the process of disintegration 
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Fig. 2, Degenerative changes in nerve fibers after repeated trauma of 
the regenerated nerve (division above the site of the original defect) 

a) Proximal segment of the nerve (above the first scar), In places 
fragments of medullary sheaths and ovoids, preserving their cellular 
structure, may be seen; b) distal segment of the nerve (below the 

first scar), Empty Schwann sheaths can be seen, Stained by Spielmeyer's 
method, Rabbit No, 374, Objective 45x, ocular 2x, 


of the nerve structures and of the resorption of the resulting products, This was most obvious in the case of applica- 
tion of the second injury above the site of the first scar, In these cases the nerve fibers undergoing degeneration 
had a complex and apparently dual structure, Above the first scar the fibers were essentially normal in their 
caliber and structure, At the level of the first scar they continued as regenerated fibers which had grown through 
the scar and the entire peripheral segment of the nerve. During the 2-2} months elapsing since the first operation, 
these fibers had not attained their normal structure, Their axis cylinders and medullary sheaths were thinner than 
usual, After redivision of the nerve above the site of the first scar, these and other areas of the nerve fibers under- 
went degeneration, However, the tempo of this process showed significant differences between the normal and the 
regenerated parts of the nerve fiber, 


On the 6th-8th day after operation, in the segment of the nerve lying above the first scar (i.e., in the interval 
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between the second and the first scars), fragmentation and disintegration of the axis cylinders and medullary 
sheaths took place, The fragments of the axis cylinders swelled, lost their fibrillary structure and often were 
curiously curved, When stained by Spielmeyer’s method an enormous number of ovoids and of elongated frag- 
ments of medullary sheaths, covered with connecting bands, were observed, Most of these preserved their 
cellular structure, Only here and there did the disintegrating medullary sheaths show signs of impending fatty 
degeneration, This pattern of degeneration corresponded completely to that found at the same times in the con- 
trol animals, 


A quite different picture was found in the segment of the nerve lying below the region of the first scar, 
where the young nerve fibers, newly formed after the first trauma, were subjected to degeneration, On the eighth 
day after operation, neither long fragments of the myelin sheaths nor typical ovoids were seen here, By this 
time they had undergone complete disintegration, The products of disintegration of the axis cylinders had al- 
most entirely disappeared, The degenerated nerve fibers were converted into thin bands of Schwann cells, along 
the course of which small fusiform swellings were present here and there, containing granular disintegration pro- 
ducts, When stained with Sudan III the degenerated nerve fibers showed signs of severe fatty degeneration, Fat 
droplets were found both in the protoplasm of the Schwann cells and in the region of the fusiform swellings, and 
also in the protoplasm of the macrophages scattered in the stroma of the nerve, 


Tests of the excitability of the nerve showed that on the sixth day after the second division of the nerve 
stimulation with an induction current (above and below the scar) caused no contraction of the muscles, which 
agreed completely with the morphological picture of degeneration of the nerve revealed at this period of the 
experiment, 


These differences in the tempo of Wallerian degeneration and resorption of the products of disintegration 
after the first and second division of nerve fibers were also maintained on the 14th day after operation, Irrespective 
of the level of the second division of the nerve. in its distal area (situated below the level of both scars) processes 
of resorption of the products of disintegration predominated, In impregnated sections nearly empty Schwann 
sheaths of denervated nerve fibers could be seen, in the vacuoles of which only occasionally were small black lumps 
and grains of disintegration visible (Fig. 1a), When stained by Spielmeyer’s method the typical ovoids were absent 
or present in very small numbers, Lightly stained swellings could be seen along the course of the Schwann cell bands, 
containing pale granules of disintegration, When stained with Sudan black or Sudan III, numerous small droplets of 
fat were seen in the protoplasm of the Schwann cells and in the macrophages, The study of the process of degenera- 
tion in the part of the nerve situated above the first scar (in cases in which the second disivion was carried out ab 
above the first scar) or in the peripheral segment of the nerve of the control animal showed the presence of numer- 
ous, quite large fragments of axis cylinders and medullary sheaths, together with small lumps and granules of dis- 
integrated matter (Fig. 1b), Only in places were areas of empty Schwann sheaths visible, free from disintegration 
products over a certain distance, When stained with Sudan III or Sudan black, part of the disintegrating medullated 
fibers showed the picture of severe fatty degeneration, whereas others, consisting of fragments of medullary sheaths, 
preserving their cellular structure, did not yet give a positive reaction for fat, Thus above the first scar and in the 
control nerve the process of disintegration of the medullary sheaths 14 days after operation was still far from com- 
plete, and the processes of resorption of the disintegration products were at the beginning of their development, 


Twenty days after the second division of the nerve above the site of the first scar the processes of Wallerian 
degeneration had advanced considerably, In the sections impregnated with silver, the differences between the 
pictures of degeneration of the nerve fibers above and below the first scar were largely obliterated, In both places 
the appearance was mainly of empty Schwann sheaths, with scattered elongated nuclei. Only occasionally were 
separate fragments of axis cylinders seen, The process of degeneration of the neurofibrillary structures in the peri- 
pheral segment of the nerve in the control animal was in approximately the same state. So far as the medullary 
sheaths are concerned, their degeneration took place more slowly than that of the axis cylinders; this meant that 
on the 20th day after operation a difference could be detected in the tempo of this process after division of the 
nerve twice or once only, When stained by Spielmeyer’s method, the segment of the nerve situated above the 
first scar, and also the peripheral segment of the control nerve still showed the presence of a fairly large number 
of ovoids and long fragments of myelin sheaths with a well marked cellular structure (Fig, 2a), At this time, 
below the first scar, where the regenerated nerve fibers undergoing degeneration, disintegration of the myelin 
sheaths had advanced much further in its development. Typical ovoids and fragments of myelin sheaths were 
absent here, The degenerated nerve fibers had the appearance of empty Schwann cell bands, along the course 
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of which translucent vacuoles and swellings could be seen in places (Fig. 2b), 


These differences in the pattern of degeneration of the nerve fibers after repeated or single injury to the 
nerve subsequently became less and less pronounced, and the degenerated nerve fibers in both cases acquired a 
similar appearance, being converted into bands of Schwann cells, rich in fat droplets, Resorption of the fat took 
a long time, and even one month after the second division of the nerve the protoplasm of the Schwann cells con- 


tained large numbers of fat droplets, 


These investigations showed that the process of Wallerian degeneration after repeated division of a nerve 
proceeds far more rapidly than after a single division of the nerve, This is shown by the more rapid disintegration 
of the axis cylinders and medullary sheaths into separate fragments and ovoids and by the more rapid formation 
of fat from the disintegration products of myelin, The same may be said regarding the resorption of the disintegra - 
tion products, especially of the fragments of the axis cylinders, which takes place much more rapidly than usual 
after a second injury, Consequently the degenerating nerve fibers are converted comparatively early into “empty” 
bands of Schwann cells, containing large numbers of fat droplets, This corresponds to the rapid loss of excitability 
of the degenerated nerve. This picture of degeneration of the nerve fibers in the distal segment of the nerve takes 
place in every case, irrespective of where the second injury is applied — below the first scar (i,e., within the 
limits of the regenerated fibers) or above the site of the first injury (i.e., within the limits of the apparently nor- 
mal nerve), In the latter case, i,e,, after the second division of the nerve above the first scar, the nerve fibers 
subjected to trauma are complex in structure, 


Each fiber consists of two different parts: the normal fiber and its continuation — the fiber which has re- 
generated after the first division, From a comparison of the pattern of degeneration of the nerve fibers above 
and below the first scar, it is easy to be convinced that in the first case it is quite indistinguishable from the de- 
generation of the nerve fibers of the control nerve, whereas the disintegration of the regenerated nerve fibers is 
effected at a much quicker tempo, In this respect the regenerated nerve fibers are very reminiscent in their pro- 
perties of the nerve fibers of young animals, degeneration of which takes place much more rapidly than in 
adult animals [11], This suggests that regenerated nerve fibers possess less resistance and that their reactivity 
is increased, 


The quicker tempo of disintegration of the regenerated nerve fibers after division is to some extent associated 
with their structural features, Even two or three months after trauma the regenerated nerve fibers, their axis 
cylinders and myelin sheaths are far short of their normal size and structure, Their caliber is thinner than usual, 
In the degeneration of these fibers, less products of disintegration are therefore formed and they are resorbed 
more quickly, Such a purely mechanical explanation can hardly apply to the phenomena of fatty degeneration 
of the myelin, The fat appears earlier in the process of disintegration of the myelin sheaths of these fibers than 
it does in Wallerian degeneration of normal nerve fibers, and this cannot be explained purely by the smaller 
caliber of the regenerated fibers, It is necessary here to consider the increased enzymic activity of the Schwann 
glia of these fibers, bringing about a more rapid conversion of myelin into fat, Such a hypothesis is in full agree- 
ment with the results of I, F, Ivanov’s work [5, 6], in which the important role of the Schwann glia in the pro- 
cess of Wallerian degeneration was asserted some time ago. 


SUMMARY 


The process of Wallerian degeneration and resorption of disintegration products after repeated section of 
the nerve is much more rapid than following a single nerve trauma, The rate of degeneration and disintegration 
of regenerated nerve fibers after their division is more rapid in all cases, irrespective of the level at which the 
second trauma is inflicted — above or below the first scar, By their properties, regenerated nerve fibers greatly 
resemble the nerve fibers of young animals, degeneration of which after trauma is more rapid than in adult animals, 
This points to a lower resistance of the regenerated nerve fibers and their increased reactivity, 
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METHODS 
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Apparatus of the "bubble flowmetez" type is widely used for recording the volume blood flow velocity 
(2, 4, 5, 6, 7). 


In addition to the advantages of these types of apparatus (the wide range of measurable velocities, the low 
percentage of error, the possibility of taking recordings synchronously with other indices) they have several essential 
defects, The most serious of these is the possiblity of production of a turbulent flow of blood, accompanied by a 
considerable increase in resistance. The principal points at which the laminar movement of the blood is disturbed are 
are the bubble traps. 


The contraction of these traps, in places highly complicated, creates a high additional resistance and con- 
ditions favoring thrombosis and frothing of the blood, 


The relatively large size of the apparatus, thereby making its fixation in the immediate vicinity of the 
vessel difficult, the complex radioelectronic system and the necessity for constant watch on the air accumulating 
in the trap complicate the work of the experimenter and make it impossible to carry out the simultaneous re- 
cording of the volume velocity of the blood flow in different vascular fields, 


These considerations led us to introduce certain modifications into the construction of apparatus of this 
type. 

The modifications were basically as follows: 1) elimination of turbulence of the blood flow; 2) simplifica- 
tion of the construction of the bubble trap; 3) maximal elimination of conditions favoring thrombosis and froth- 
ing; 4) doing away with the necessity for constant entry of atmospheric air into the system of the apparatus; 

5) facilitation of the continuous recording of the oxygen saturation of the blood; 6) making the work of the 
apparatus as automatic as possible; 17) considerable simplification of the radio circuit, 


The apparatus consists of two main parts: an artificial vascular bed with devices for measurement of the 
volume, and an independently assembled electrical system, 


The measuring system, which is placed directly by the blood vessel, consists of two blood-vessel cannulas 
(Fig. 2, 1),a glass and a polythene loop, which form the artificial part of the vascular bed, the photoelectric 
cell of the oxyhemometer (2), vitrified resistors (3), stabilizing the skin temperature, 2,5 v electric lamps, 
photoresistors (6), an effector relay (5), ejecting the air bubbles into the blood stream, an air reservoir of volume 
2.5 cc with valves (4) and a bubble trap (7). All the components are mounted on a plastic base, measuring 
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Fig. 1. General view of the recording part of the apparatus for 
continuous recording of the volume velocity of the blood flow 
and percentage of oxyhemoglobin in actue experiments, 


To marker l] 


Fig, 2, Diagrammatic scheme of the arrangement Fig. 3, Principles of the electrical circuit of the 
of the parts of the apparatus (for explanation see apparatus, 
text), 


9X 15 cm, which is fixed to a special stand permitting the systern to be brought close to any part of an animal's 
body (Fig. 1). 


The principle of action of the apparatus is as follows: blood enters the artificial vascular bed through the 
entry cannula and passes through an oval enlargement whose internal orifice measures 1 X 6 mm, on which is 
mounted the photocell of the oxyhemograph (Fig. 2, 2). At the point A the first air bubble is introduced into the 
blood stream by means of a slight blow from the reed of the effector relay (5), The air bubble, completely 
filling the tube in cross section, is moved by the blood along the part AB, the volume of which is accurately 
measured and may be altered at will by the experimenter by replacement by PVC or polythene tubes of suit- 
able length, 
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At the point B the air bubble passes through a beam of light from the source to the photoresistor (6), as a 
result of which the effector relay (5) is put into action, 


The reed of the relay strikes the membrane of the air reservoir (4) and a fresh air bubble enters the blood 
stream, isolating the next volume of blood, equal to the first. 


Meanwhile the effector relay closes the contacts leading to the marker relay, and a mark is made on the 
kymograph indicating that a given volume (1, 2, or 5 cc) of blood has passed along the vessel (Fig, 2, IV). 


The air bubble, the size of which is controlled at the beginning of the experiment by means of a screw, 
mounted on the reed of the effector relay, after passing through the photoresistor, enters the bubble trap (7), from 
which it passes to the air reservoir (4), where it takes the place of the bubble previously expelled into the blood 
stream, 


The initial volume of air is thus maintained and it is no longer necessary to add air constantly from the 
atmosphere, thus ensuring optimum conditions for recording the oxyhemoglobin concentration, 


The mechanism of the continuous circulation of the same sample of air will be more clearly understood 
from the diagram of a section of the apparatus along the line AB (Fig, 2, III), 


At a blow from the reed of the relay (9) on the rubber membrane (10), the next bubble is sent towards the 
point A from the space between the two petal-shaped valves (8), Its place is accurately taken by an identical 
bubble from the bubble trap (Fig. 2, II). 


As already mentioned, the principal point at which turbulent movement of the blood and thrombus forma - 
tion develop is the bubble trap, After studies of numerous models of bubble trap in action, we devised the simplest 
possible variant (Fig. 2, II), 


This type of construction permits bubbles to be trapped at velocities greatly in excess of those observed in 
experimental conditions, does not disturbe the laminar flow of blood and considerably diminishes the possiblity 
of thrombus formation, 


In order to prevent thrombus formation effectively, we used a special silicone coating for the surfaces of 
the glass and plastic tube (dimethylchlorosilane for glass and aminosilane for plastic) [1], 


This coating, which makes the surfac nonwetting, also leads to a considerable decrease in the resistance of 
the system and to the improved definition of the air bubble, which provides a bettwer light contrast and a sharper 
shadow on the photoresistor, 


To prevent frothing we used the foam suppressor polysiloxane [3], Glass beads dipped in the foam suppressor, 
were placed in the ampulla of the bubble trap, and completely prevented the deposition of froth on the valves, 


Temperature stabilization was achieved by two vitrified resistors, the magnitude of which was selected by 
means of electrothermometers so that the temperature difference between the inlet and outlet of the apparatus 
did not exceed 0,1-0,2° within a range of variation from 32 to 39°, 


The electrical circuit of the apparatus was also considerably simplified (Fig. 3). 


In this circuit the winding of the positive relay is included in the cathode circuit of the tube, The ohmic 
resistance of the winding is an automatic bias resistance which compensates for the positive bias voltage arising 
as a result of the presence of the resistor (PR) between the anode supply pole and the grid of the tube, and it 
protects the tube from being put out of action if high positive voltages are applied to the grid, as may occur when 
a high intensity of illumination falls on the photoresistor, The resistor Rg and the capacitor C, control the time 
of operation of the relay II, the contacts of which are used for the marker, 


The modifications in construction which we suggest ensure great accuracy of recording of the volume 
velocity of the blood flow and a high degree of automatism, so that several such apparatuses may be used simul- 
taneously, 


SUMMARY 


The authors describe an apparatus of the bubble-flowmeter type, It is superior to other similar instruments 
since it is capable of removing the turbidity of the flowing blood, has a simplified design of the bubble absorbed 
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4 and ensures optimal conditions for eliminating thrombus and foam formation, This instrument has a simplified 
electric scheme, 
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Changes in the functional state of the adrenals may be demonstrated by many indirect tests, but these 
tests are inadequate for the more detailed study of their working, 


A more complete picture of the function of the adrenals may be obtained by the use of methods of direct 
determination of the steroid hormones in the peripheral blood of animals, In this case, however, it is essential 
to bear in mind that the corticosteroids, secreted into the adrenal vein, are utilized quickly by the tissues and, 
on the other hand, that various metabolites may enter the peripheral blood, Moreover, the low concentration of 
the hormones in the peripheral blood complicates the estimation of the corticoids secreted by the adrenal gland 
in small quantities, 


The fullest picture of the secretory activity of the gland may be obtained by determining the hormones in 
the outflowing venous blood, In the majority of investigations carried out in this direction, blood flowing from 
the adrenals was collected in acute experimental conditions, Operations and general anesthesia, however, are 
themselves factors known to have a strong effect upon the secretion of corticosteroids, and for this reason many 
changes in the function of the glands, possibly of importance in the pathogenesis of certain diseases, may re- 
main unnoticed against the background of the operation, or their interpretation may be incorrect, The possiblity 
of obtaining blood flowing from the adrenals in chronic experimental conditions is therefore of considerable in- 
terest, and has already attracted the attention of research workers, As long ago as in 1927, for instance, in ex- 
periments on dogs, P, I, Popov [1] introduced an angiostomy cannula by London's method into the vena cava at 
the point of entry of the lumboadrenal vein, When blood was taken through this cannula, however, the blood 
entering the syringe was mainly drawn from the vena cava, and it appeared impossible to obtain blood from the 
adrenals in this way. 


The introduction of angiostomy cannuias of the most varied construction directly into the lumboadrenal 
vein was also unsuccessful on account of the small size of this vessel even in large dogs, A more reliable method 
was developed by the American workers Hume and Nelson [4] (Fig. 1a), The operation was carried out on a dog, 
The right lumboadrenal vein was ligated and divided above the adrenal gland, A polyethylene tube was tied into 
its central end and the tube brought out to the surface, Below the adrenal, at the mouth of the lumboadrenal 
vein, a clamp was applied in the form of aloop of polyethylene thread,Both ends of this thread were also brought 
out through the tube, 


After suture of the wound, the loop was drawn tight enough to compress the lumboadrenal vein at its point 
of entry into the vena cava, so that the blood flowing from the adrenals through the cannula tied into the 
central end of the lumboadrenal vein flowed out to the surface, In the period between taking the blood, the 
cannula was closed with a cork and filled with heparin solution, 


We were unable to obtain blood for more than 4-5 days after operation from animals treated in this manner, 
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Fig. 1. Scheme of introduction of the cannula, a) By the method of Hume and 


Nelson; b) by the method of Endroczi et al.; c) after anastomosis of the renal 
and lumboadrenal veins; 1) adrenal gland; 2) kidney; 3) lumboadrenal vein; 
4) renal vein; 5) inferior vena cava; 6) skin; 7) PVC cannual; 8) clamping 


tube; 9) clamp; 10) femoral vein. 
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Days after operation 


Fig, 2, Rate of secretion of hydrocortisone (continuous 
line) and corticosterone (broken line) in dogs after in- 
sertion of a cannula for the prolonged withdrawal of 
blood from the adrenal gland, 


Judging by the investigations known to us [2, 4-7], 


it has rarely been possible to obtain blood for a 
longer time, In our view a drawback of this method 
is that an “idle” portion of vein is formed between 
the cannula and the adrenal, and this rapidly be- 
comes obliterated and atrophic, 


Another method belongs to the Hungarian 
workers Endroczi, Bata and Martin [3], Laparotomy 
was performed on a dog under general anesthesia, 
and a thin plastic, elastic catheter was then intro- 
duced through the femoral vein into the inferior 
vena cava (Fig. 1b), The catheter was passed along 
the inferior vena cava into the orifice of the lum- 
boadrenal vein as far as the point where it received 
the adrenal veins, Fixation of the catheter in the 
required position was achieved by attaching it to 
the inner wall of the vena cava by means of a few 
fine silk sutures, The wound was closed, When 
the dog had recovered from the operation, the 
adrenal blood was drawn off as required through 


the external end of the catheter, In the intervals between taking the blood samples, the catheter was closed with 

a cork and filled with heparin solution, According to the authors of this method, the catheter may remain in the 
animal for 2-3 weeks, When blood is taken by this method, it is evidently possible for blood to be aspirated from 
the vena cava, If the blood is collected at a time of intensive secretory activity of the glands, this does not matter 
very much, for in calculating the rate of secretion it is important only that all the blood flowing from the adrenal 
gland during a known time should be obtained, and its dilution with peripheral blood is of no consequence, In 
those cases, however, when the gland is in a resting state and the secretion of corticosteroids is very slight, the 
dilution of adrenal venous blood with peripheral blood becomes undesirable, In our work, we have therefore, 
attempted to modify the method of Hume and Nelson in order to prolong the time during which adrenal blood 

may be obtained, Our suggested method is as follows (Fig, 1c). 


The operation is carried out on large dogs (weighing 20-25 kg) on the left adrenal gland, After division 
of the abdominal muscles along the posterior edge of the last rib, the kidney is exposed, The ureter and renal 
arteries are ligated and divided, The renal vein is mobilized as far as its point of ramification, Ligatures are 
applied to both branches of the vein, The kidney is removed, The lumboadrenal vein is next dissected out, 


All veins entering it are ligated, The vein itself is ligated and divided above the adrenal. By means of an 
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apparatus for vascular suture the central end of the lumboadrenal vein is sutured to one of the branches of the 
renal vein, Into another branch is tied a polythene tube so that no "idle" areas of vein are left, The tube is 
brought out to the surface, The mouth of the lumboadrenal vein is ligated and to the mouth of the renal vein 

is applied a clamp of high-number “saturn” wire, By this method of introduction of the cannula, no " idle” 

areas of vein are formed, Throughout its whole extent, the walls of the vein are bathed with flowing blood, 

The operationis carried out at some distance from the adrenal, so that the gland remains free from trauma, The 
animals withstand the operation well, From dogs undergoing operation in this way, adrenal blood can be collec- 
ted for 10-15 days after operation, In Fig, 2 the results showing the secretion of corticosteroids in one dog under- 
going operation by this method are illustrated, It may be seen from Fig, 2 that the rate of secretion of both 
hormones — corticosterone and hydrocortisone — fell to a low level on the day after operation, and remained there 
throughout the period of investigation, The injection of 40 units of ACTH caused a sharp but transient rise in the 
secretion of both corticoids, with a maximum one hour after the injection of ACTH, It can be concluded from 
these findings that the adrenal function in dogs undergoing operation by the method described above rapidly 
returns to normal, and that the reaction of the glands to injection of ACTH is not affected, 


SUMMARY 


The author describes a method of a cannula implantation for procuring blood flowing out from the adrenal 
gland in chronic experiments on dogs, The method involves nephrectomy, uniting the lumboadrenal vein to one 
of the renal vein branches and introduction of polyethylene tube into another branch, This method permits blood 
to be obtained from the adrenal glands for a period of 10 to 15 days after operation, 
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Corrosion of Chemical Apparatus 


CONTAINING information heretofore unavailable in one volume in English, 
this recent monograph is a result of the investigations carried out by the 
authors at the Scientific Research Institute of Chemical Machines and the 
Moscow Institute of Chemical Machines. 


Here they present valuable data concerning the theory of intercrystalline 
and stress corrosion, and then discuss in detail the causes and character 
of corrosion cracking of carbon steels, alloyed steels, and nonferrous 
metals. This information is based not only on Schvartz and Kristal's ex- 
tensive studies of various cases of destruction of apparatus and machinery 
of the chemical and allied branches of Soviet industry, but also on recent 
literature in the field, including 219 references of which most are to the 
Soviet literature. 


By noting certain regularities of behavior of metals while conducting their 
investigations, the authors were able to include in their book many prac- 
tical recommendations on methods of prevention and protection against 
cracking and intercrystalline corrosion of metals, thus providing a more 
efficient approach to the problem of choice of materials for the manu- 
facture and assembly of chemical apparatus. 


1959 cloth 256 pages illus. $7.50 
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“...A work of many dimensions...” this exposition 


From the preface to the second edition.... 


This book by Gavriil Sergeevich Pondoev, Honored 
Physician of the Georgian SSR, published here in its 
second edition, casts light on the urgent questions of 
medical conduct in the broad sense of the term... . 
Half a century of service (as a practicing physician) 
and his work in clinical hospitals, have enabled the 
author to gather material from extensive observations, 
and his personal experience has imparted to them a 
unique value. ... Young doctors and medical students 
will discover in G. S. Pondoev’s book the answers to 
many troubling questions of vital importance—ques- 
tions that will come up not only at the beginning of 
independent practice, but also later on... . 


Professor D. G. Mamamtavrishvili, 
Honored Scientist 


of Russian medical conduct and ethics will 
prove to be of absorbing interest 
and great value to both the 
medical and lay public. 
Dr. Galdston 
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